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LECTURE NOTES 


FOR 


CHEMICAL STUDENTS 


ORGANIC CHEMISTRY. 
CHAPTER I. 


INTRODUCTORY. 


Tue name organic is commonly restricted, Ly chemists, to 
compounds the molecules of which consist of one or moro 
atoms of carbon directly combined either with carbon, nitro- 
gen, or hydrogen. Thus, according to this definition, car- 
bonie anhydride (O-.=C=O) and hydric potassic carbonate 
(H—O—C—O—K) are mineral or inorganic compounds, 


because the carbon which they contain is directly combined 


O=-C—O—HI 

with oxygen only; but oxalic acid ( ), cyanic 

on(—-0—-8 

acid (N=C—O—II), and formic acid (O=C—O—H) are 
Ii 


organic compounds, because their molecules contain carbon 
directly combined, in the first case with carbon, in the second 
with nitrogen, and in the third with hydrogen. 

The number of elements usually entering into the composi- 
tion of organic compounds is very small. 

A large number of these compounds consist of carbon united 
with only one other element, either hydrogen or,rarely, nitrogon. 

The members of another very Jarge class contain only three 
elements :—carbon, hydrogen, and oxygen ; carbon, hydrogen, 
and nitrogen ; or carbon, nitrogen, and oxygen. 
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Others contain four elementa—carbon, hydrogen, oxygen, 
and nitrogen. 

Some contain sulphur, chlorine, bromine, iodine, silicon, 
phosphorus, boron, or metals ; but these are comparatively rare. 

Although the number of the elements entering into the com- 
position of organic compounds is much smaller than that usually 
taking part in the formation of minerals, yet the complexity 
of the former class of compounds is frequently much greater. 

There is no instance of an organic molecule containing but 
two single.atoms, and only one containing three (hydrocyanic 
acid, HCN). 

On the other hand, the number of atoms in a single organic 
molecule is sometimes very great. Thus:- - 


The molecule of Spermaceti contains 98 atoms. 


” ” Stearin Pe 173 " 
» » Margarin 4, 217, 
”? ” Albumen i 296 ° 
9 9 Protagon * B84, 


_ In nearly all organic compounds carbon is a tetrad. It 
forms, therefore, with 1 atom of hydrogen a triad compound 
radical, which exists in chloroform (O"H)''Cl,; a dyad com- 
pound radical with 2 atoms of hydrogen, as in methylenic 
dichloride (O"H,)"Cl,; and a monad compound radical with 
3 atoms of hydrogen, as in methylic iodide (C"H,)I. But in 
these compounds it will be seen that the carbon is always satu- 
rated and always a tetrad. 

This is in conformity with the following general law :—“ In 
every molecule of a chemical compound the sum of the bonds 
is always an even number,’ because every number, whether 
odd or even, when multiplied by 2 gives an even number. To 
this may be added the following law, to which no exception is 
known :—" The sum of the bonds in any molecule is at least 
twice as great as the active atomicity of the most polyad ele- 
ment in the compound.” 

A compound organic radical is a group of atoms containing one 
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or more atome of carbon of which one or more bonds are uneatis- 
fied ; and tt is either a monad, dyad, fc. radical, according to the 
number of monad atoms required to complete its active atomicity. 

Such a radical, when a monad, triad, or pentad, cannot exist 
as & separate croup ; like hydrogen or nitrogen, when isolated, 
it combines with another group of atoms like itself, forming 
a duplex molecule. It is only by this union of two eemi- 
molecules that the vacated bonds can be satisfied. 

The following are two of the principal series of compound 
organic radicals :~ - 


Monads. Dyads. 
Methyl... {Ou or { Me Methylene... CH, or Me”#. 
Ethyl ... { On or { it Ethylene ... CT, or Ev’. 
Propyl .. | on or i Propylene... CH, or Pr’. 
Butyl .. cr 0 te Butylene ... CLE, or Bu’. 
Amyl . AG i” or ee Amylene ... ©,H,,or Ay”. 


Organic radicals are the analogues of the monad, dyad, 
and triad elements of mineral chemistry. 

Such being the constitution of the organic radicals, we will 
now proceed to investigate their functions in organic com- 
pounds, and to examine the general plan upon which these 
compounds are, on the atomic hypothesis, built up. 

We shall be assisted in our investigation if we reduce the 
formule of these compounds to a few types or fundamental 
forms. In doing this it is necessary to avoid, as far as possible, 
all empirical grouping of atoms. Our formule ought to express, 
as exactly as possible, how the elements are combined with each 
other. Thus in a compound containing C,HyO,, the formula 
ought to show, first, whether the hydrogen is combined with 
carbon or with oxvgen; or if ‘combined with both, it should 
indicate how many atoms are united with carbon, ond how 

* Only known in combination. 
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many with oxygen. Sccondly, the formula ought to show 
whether'the oxygen is united with carbon or with hydrogen, or 
partly with the one and partly with the other, or, lastly, whether 
it is performing the function of linking hydrogen to carbon. 

This information is most completely given, in notation, by 
making carbon the dominant or grouping element in non- 
nitrogenous compounds, and nitrogen in the remaining organic 
compounds. 

Non-nitrogenous organic compounds, exclusive of organo- 
metallic bodies and organo-boron and silicon compounds, can be 
conveniently considered under the two following types, viz. :— 


Il 
1. The monadelphic, or marsh-gas | ils 
LVNG 22 ncctiu ng hoiia tenes dece th J | 
if 
Ir if 
2. The diadelphic, or methy] type ... a ii 
| 
Wei 


Nitrogenous organic compounds arrange themselves in the 
most convenicnt mauncr under the two following types :— 


if 
8. in ty L 
The ammonia type ......... cece Pie 
HM 
Cl 
4. The ammonic-chloride type ...... NI 
ae 
io oi 


Tn addition tu these types a few others will be occasionally 
necessary, such as :— 


i if if 
5. The triadelphic typo ........ eins nbd bon 


| | J 
HW I 


qt 
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: H 
6. The double monadelphic type ... ee, 
| | 
I I 
WH 
7. The condensed diadelphiec or Ke. ‘ 
Olefine tVPC........ ee ceee eens oa ] 
tt iI 


Double, and sometimes cven treble ammonia and ammonic- 
chloride types are required for certain compounds, but they 
do not need special description here. 

The above types are written symbolically as follows :~ 


1. Monadelphie type... eee ees Cif. 
2. Diadelphic type ......... cece ee eee ae ‘ 
3. Ammonia type...... eee ee N’'ll.. 
4, Ammonic-chloride type ............ N'ITCl, 
[ Ci, 
5. Triadelphic type ..............0. cee. / CI, 
(CH, 
Cll, 
6. Double mouadelphic type .. ...... O . 
Cif, 
° e tt Cil 
7. Condensed diadelphic type ...... a, 
| JP CH, 


In order to facilitate the use of these symbolic types, it is 
advisable to become familiarized with the symbols of the fol- 
lowing analogues of hydroxy], in addition to those already 
given for inorganic compound radicals at p. 28 of vol. i., and 
for the monad ond dyad radicals at p. 3 of the prescut 
volume :— 


Methoxy] ............ CH,O or Meo. 
Ethoxyl ............... ©,H,O or Eto. 
Propoxyl..........0000 C,H,O or Pro. 
Butoxy] ............... C.H,O or Buo. 


Amosyl ............... O,H,,O0or Ayo. 


6 DEVELOPMENT OF FORMULA. 


Formule written on the triadelphic type can be reduced to 
the diadelphic type, and those on the latter to the monadelphic 
type, as follows :— 


CH, 
Propylic }qy? . {GMeH, _ omeH, or CEH, 
hydride. Cl H H, se 
Triade Iphic. Diadelphie. Monadelphie. 


The above alternative monadelphic formule, although appa- 
rently different, are in reality identical, as can be easily 
proved by expressing both graphically, thus :— 


H H IW 
CMU, = ne 

i | i i 

WoW od 


|} | | 

HW —-C—C—--C-- 
I 4 | 
HOW ML 


Cit, 


On the other hand, monadelphie formule, if they contain a 
sufficient number of carbon atoms, can be expanded into diadel- 
phic, triadelphic, &c. formule in the following manner :— 


CH, 
CMe, CH, 


: om, joe. Ci, 

_ {CPrit,_ } CH Ci; _ JOH, 

ae = | @but= Cu, ap oH, = CH, 

wropylated methyl. tH, | CH, CH, 

me Molecule.) OMell, Ee 
c 


This development of normal butyl depends on the following 
facts :——lst, that normal butyl is propylated methyl; 2nd, that 
normal propyl is ethylated methyl ; and 3rd, that cthyl is me- 
thylated methyl. 

Secondary and tertiary organic radicals (see p. 10) cannot 
be completely developed vertically :— 


GRAPHIC FORMULA, 7 


CH, Cll 

CMeH, CH, 
CEtMeH _ CMcH CMcll _ CH(CH,). 
CEtMeH ™ ) CMeH ~ \ CMell = Cii(CH,) ° 


3 


Methylo-cthylated CMeH, CH, Cc H, 
methyl. (Molecule. ) CH, | CH, 
CH, CH, 
EES _ jome, _ J e(cH)(cH,) 
CMe, — CMe, = Ci CH,)(CH,) 
CH, CIT, 


Trimothylated 
methyl. (Molecule. 


It will be seen, on comparing the above formule with the 
graphic representation of the respective compounds, that both 
express the same ideas of constitution. Thus in the developed 
symbolic formula of normal buty! it is evident that tho two ex- 
treme carbon atoms are cach united with three atoms of hydrogen 
and one of carbon, and all the intermediate carbon atoms with 
two of hydrogen and two of carbon, exactly as shown in the 
following graphic representation :— 


WH UW HU HodL dt af 


i a | | | 
(| Sane eee ie me eee nee (ce Ge aly By | 


ie ee ae se 
HUUn UM Wn 


Normal] buts! or propylated methyl. (Molecule.) 


From the developed symbolic formula of methylo-ethylated 
methyl], it is evident that the two central carbon atoms are 
united with three atoms of carbon and one of hydrogen, that 
the two extreme carbon atoms are united with one atom of car. 
bon and three of hydrogen, that the intermediate carbon atoms 
are joined to two hydrogen and two carbon atoms, and that the 
remaining carbon atoms are each combined with one atom of 
carbon, and three of hydrogen, thus :-— 
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H 
H—b-H 
i | (‘HH H 
a a 


Methylo-cthylated methyl. (Molecule.) 


Lastly, in the developed symbolic formula for trimethylated 
methyl, the two central atoms of carbon are each united with 
fuur carbon atoms, and all the remaining atoms of carbon are 
united with three of hydrogen and one of carbon, thus :— 














I I 
HC n—tn 
Hl : I 
u¢ ( U (a 
i , rf 
HW-C(—-H -C— 
i i 


Trimethyloted mct"3], (Malucule,) 


CLASSIFICATION OF ORGANIC COMPOUNDS. 


The most important organic compounds can be conveniently 
divided into the following thirteen families :— 
1. Organic radicals. 
2. Hydrides of organic radicals, 


POSITIVE RADICALS. 9 


. Alcohols. 

Ethers. 

- Haloid ethers. 

. Aldehydes. 

Acids. 

. Anhydrides. 

. Ketones. 

10. Ethereal salts. 

11. Organic compounds containing triad or pentad nitrogen. 
12. Organo-boron and silicon compounds. 
13. Organo-metallic bodies. 


Oey d om oo 


CHAPTER II. 


ORGANIC RADICALS. 


This family of organic compounds is divided into two 
classes :— 
Class I. Positive radicals. 
Class II. Negative radicals. 


Crass I. 
POSITIVE RADICALS. 


Monads. 
Methyl or (C,H;,4;), Serica. 
Vinyl or (C,H,,.;), Series. 
Phenyl or (C,H;,-,), Serics. 
Dyads. 
Ethylenéor C,H,, Series. 
Acetylene or C,H,,-; Serica. 
Phenylene or C,H,,_, Series. 
Triads. 
Glyceryl or (C,,H;,-1)"”, Serics, 
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Crass I. 


POSITIVE RADICALS. 
MONADS. 
METHYL or (C,Hu4:), SERIES. 


These radicals are divided into three sections, viz. Normal, 
Secondary, and Tertiary :— 


General formula. 


1. Normal Radicals ......... { oe Be yA : 
2n+1 D 
2. Secondary Radicals... {eicnet ut 
nt2 ont 
3. Tertiary Radicals ...... { Scene: 2utt)a, 
n Ton 3 


In the first of the above formule n may =0, but in the 
others it must be a positive integer. 

Examples of the tertiary series of radicals may be seen in the 
tertiary fatty acids. They have not yct been isolated. 
~ It is evident that, besides the three series of radicals shown 
above, three other series, containing, in the same molecule, 
normal and secondary, normal and tertiary, and secondary and 
tertiary radicals, may exist ; but up to the present time only 
one or two examples of such radicals are known. 

By the action of zincic ethide on the chloride obtained from 
acetone by means of phosphoric chloride, a hydrocarbon is ob- 
tained, which may be regarded as a mixed normal and tertiary 
monad positive radical: ethyl etho-dimethomethy] or ethyl! 
isoamy] :— 


{ OMacl, + SZnEt, = ZnCl, + {sue 


Chloride from Binsio Zinoic Ethyl ethodime- 
acetone. othide, chloride. yi. 
1. Normal Radicals. 


‘This ‘series: contains the radicals of the methylic series of 
ahechals. 


NOBMAL MONAD RADICALS. 1] 


These radicals also enter into the composition of the normal 
series of fatty acids. 

The following list contains all the radicals of this section 
that have been hitherto obtained :— 


Boiling- 
Me _ {CH ean 
Methyl ...... { Me or { GH ees not known. 
; CH, 
Ethyl ......... | ip or r{ OMe , Or OH oe about —23°, 
CH. 
CH, 
CH, 
» ) 
Propyl......... Ae r{ Chul , ory a eidhaeks + 68°, 
CH, 
\CH, 
Butyl oc... { Bu or OPal’ eee tei 119°, 
Ay CBuall, 
Amy! ee eee ore or { @Bull Perec e ee eT eee rT eee 159°, 
. Cp CAyH, ° 
Caproy! eid tae or CAyH, pen cw neers eres ear eeeres 202 ° 


Preparation.—1. By the action of zine on the iodides of the 

normal radicals :— 
| - O(C,H;3.41)H, 

2C(CHa)HI + Zo = Zal, + [Qoaet ya 

Part of the liberated radical is at the same time decomposed | 
into the hydride of the radical and the corresponding dyad | 
radical :— 

C(C,H3.4:)H, C(C,1..41)H . 
Lac Tae H, — { #7 am) + + (O(C,8,.4.)H)”. : 

A remarkable special method for preparing ethy] consists in : 
exposing mercury and ethylic iodidé to the influence of sunw' 
light :— 

2EI + Hg = Hgl, + Et,. 


Ethylic Merourioe i 
iodide. iodide. Ethy 


] a ORGANIC RADICALS. 
ad ‘ i 


hd. By the electrolysis of the salts of the normal fatty acids. 
In this process, nascent oxygen acts upon the fatty acid, con- 
verting its oxatyl into carbonic anhydride, the positive radical 
being set free :— 


O(C,H,, )U, —_ Cc C, 112.41) HT 
{ Gotie coon ae) C(C,Ha4)H, 
Fatty acid. Radical, 
+ 260, + Olt, 
Carbonic Water. 
anhydride. 


3. By acting with zine upon the iodides of two radicals simul- 
tuncously, the so-called double or mixed radicals are produced :— 


MI + Et] + Zn = Znl, + {a 
Nethvlic Ethylic Zincic Methyl 
iodide. iodide. iodide. ethyl. 
ETHYL. 
H Of W if 
* | | | 
(Suet a kt 
- : 
WW: HU 


Molecular weight =58. Molecular rolume (7). 1 litre of 
ethyl gaa weighs 29 criths. Boile at about —28° C, 


Preparation.— By digesting together in a close veseel at 120° 
ctbylic iodide and zinc, the reaction being similar to that 
between hydriodic acid and zine :— 


Zu + 2HI 
Hydriodig 
cid 


Zn + 2Etl 


Ethylic 
iodide. 


Zal, + { ic 


cee 
Zal, + | Fe 


Zinei Ethyl. 
: hide. y 
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2. Secondary Radicals. 


Two sccondary monad positive radicals are known :— 


Tsopropyl...... | OM: Hs Zenasaneoonaats: boils at 58° 
Amyl-isopropyl .. 4 Ove I peat tina iss Bigg AAO? 


VINYL SERIES. 
ccc, Tes, 
CC, 1,21) Wy 
The firat member of this series, vinyl, has not yet been 
isolated. 


Gencral formula... { 


ALLYL. 
CH L = pepe ae 
CH, % | O(CMe" I) H: 
I ? 
fo ™ a 
iC bi Ct ik 


eth ae ae 
HUW WU Wi 


Molecular weight =82. Molecular volume (7). 1 litre of 
allyl vapour weighs 41 criths. Sp.gr.0°684, Boils at 59°. 
Preparation.—By digesting allylic iodide with sodium, aud 
then distilling :-— 
nT C(CMe"IDH, 
Na, + 20(CMe"H)H,I = \ CtOMe"Hy? + 2Nal. 
Allylic iodide. Ally). Bodic iodide. 
Character.—Bromine and iodine unite directly with ally], 
producing allylic tetrabromide and tetriodide. In these com- 
pounds the molecule of ally] plays the part of a tetrad radical. 
In allylic tetrabromide, four latent carbon bonds in the mole- 


cule of ally] have become active, and have united with four atoms 
of bromine :— 


C(CMe"H)H, , C(C(CH,Br)BrH]jH, 
{ CMs" IDET + Br, = { C/c(CH -Br) Bril JH,’ 
3 Ally). Allylic tetrabromide. 
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An apalogous case is met with in ferric chloride, whero two 
tetrad atoms, united by one bond of each, become together 
hexadic :— 
FeC), 
FeCl, 
Allylic monobromide can only be obtained by the action of 
phosphorous tribromide on allylic alcohol :— 
80(CMe"H)H.Ho + PBr, = 8C0(CMe’H)H,Br 


Allylic aloohol. Phorphorous Allylic monobromide. 
tribromide. 


+ POHHo,. 
Phosphorous acid. 


PHENYL SERIES. 


General formula... { on 


Theso radicals are but imperfectly known. The following 
have been isolated :— 


PHONY | crndeenleaiaes cee { ae : 
C,H,Me 
Tolyl...... Salers Wb, S008 8: bsa Wii: @fatera a eece C,H Me’ 
CH,(C,H,) 
BONG) sci siccstenaenesinenaneaass CH (Cay 
Cay 
ol CH 
‘}CH 
Amy] benzol or amyl phenyl .. O,H,(C,1,,) “| GH |- 
CH 
ton 
, OA 
C 
| ion 
Amy] toluol or amyl benzyl... ©,H,(CH,) (CoH) =| CH 
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OA 
on 
On ee a ee C,H, (CH) (C,H, at Se |, 
CMe 
4OM 
PHENYL. 
C,H, 
CH’ 
tH . HH 
| | | | 
C=C C=¢ 
\ 
wc O--¢ CH 
\ ff \ 4 
CC CC 
Ee Oe 
HH HH 


Molecular weight =154. Molecular volume (1). 1 litre of 
phenyl vapour weighs 77 crithe. Fuses at 70°. Boils at 


240°. j 
Preparation —By the action of sodium on phenylie bro- 


mide :— 
OC.H.Br + Na, = {Ou + 2NaBr. 
Phenylic bromide. Phenyl Bodic bromide. 


Reaction—By treatment with bromine, phenyl produces 


bromphenyl and hydrobromic acid :— 
C,H, , C,11,Br 
{en ee {O'R + 2HBr. 
Phenyl. Bromphenyl. cs ar a 
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CHAPTER III. 
POSITIVE RADICALS. 
DYADS. 
ETHYLENE or C, H;, SERIES. 


Preparation.—Thesc compounds are produced as follows : — 
1. In many cases of destructive distillation, where, however, 
the roaction cannot be traced. 
2. By the abstraction of the elements of water from the 
normal monohydric alcohols of the methylic series, as for in- 
» stance :-— 
Cit n f§ CI. 
tie = ete + OH, 
Ethylic alcohol. Ethylene. Water. 
3. By passing the vapours of the haloid compounds of the 
normal monad radicals of the C,II:,,: series over heated lime, 


thus :— 
Cif, a” CH J 
cic] = { cy + HCl. 
Ethylic Ethylenc. Hydrochloric 
chloride. acid. 


4, By the transformation of the monad radicals at the mo- 
ment of liberation from their compounds, when they split intu 
dyad radicals and the hydrides of monad radicals :— 


{ (CH, a { oH 1 { oH. 


CO(CH,)H, CH, CH, 
Ethyl. Ethylene. Ethyhio 
: at hydnde. 


5. By the action of the iodide of a monad radical on the 
sodium compound of a monad radical :— 
CH Cc > » [ CH, CH, 
{ OHI + | Gite = Nal. ot {oH + { GH 
Ethylic Sodio BSodic Ethylene. Ethylic 
iodide. othide. iodide hydride. 
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6. Methylic iodide and allylic iodide dissolved in ether and 
digested with sodium in sealed vessels produce methy]-allyl, an 
isomer of butylene :— 


H, 
peda Gir 
CH, CH’ 
Methylic Allylic Methyl sally. 


iudide. iodide. 
7. By the action of zincic ethide on allylic iodide, ethyl-ally], 
isomeric with amylene, is obtained :— 


_,CH, 

CH, ICH 

ZnEt, + 2 AGH = Znl, + 2 "ICH or { CH,: 

‘CHI CHE: CH, 

oe Bo AY 3 
S if = Raby 


8. By treatment of vinylic bromide (brominated cthylene) 
with zincic ethide, cthyl-viny], isomeric with butylene, is pro- 
duced :— 


” 


CH "CH CH, 
a 2{ on Br= Sabr, + 21 GH Et) CH; 
CH, 

Zincic Vinylic Zincic Ethyl-vinyl. 


ethide. bromide. bromide. 
Methyl-allyl differs froin ethyl-vinyl. 
Character.—The lower members of this series of dyad radicals 
ire gaseous, the higher solid, and the intermediate ones liquid. 
The following list includes the known dyad radicals of this 


eries, together with their fusing- and boiling-points :— 


Fusing- Boiling- 
point. = point. 


Ethylene ........ . ...,..... OH, ...... —— — few 
Propylene .....0..........:60.00. C.H, ..... — _17. ‘8 
Pseudobutylene ............... C.H, ...... ——— 70 
Isobutylene ..................... C.H, ...... ——— 50 
Butylene ...............eeeee ee C.H, ...... —— + 30 
AMINO 5. csi sactionstoecas city C,H, .....- — 350 
Hexy One: oisie'sas essa teerienas C.H., ...... ——r. 389°0 
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Fosing- Boiling- 





point. point. 
Heptylene or CEnanthylene... C,H,, ...... —— 655:0° 
Octylene or Caprylene......... Cy ex: — 950 
Nonylene .............:.::seeeee C.H,, ...... —— 125 
Paramylene ................6008. C.,H,, ..---- —_ —— 
Cetene ......... cd geen we adeses is Caen eray — 
Cerotene 0.00.00... eee C._H,, ..... 57° 275 
Melene ............... cece eee ees ©, Hy... 62 375. 


Reactions.—1. The dyad radicals of this series all unite 
directly with chlorine, bromine, and iodine, producing com- 
pounds which, in the case of ethylene, are represented by 


CH,Cl CH,Br CHI 

CHCl CH.Br CHI 
Ethylenic Ethylenic Ethylenic 
dichloride. dibromide. diiudide. 


These compounds, when treated with alcoholic solution of 
potassic hydrate, lose one molecule of a hydracid, thus :— 


CHCl Bi ce ee "CH 

CH. ,Cl + KHo = KCl + CH, C] + OH,.. 
Eth tenio Potassic Potasaic Vinyhio chloride, Water. 
dichloride. hydrate. chlonde. or chlorinated 


ethylidene. 


The monochlorinated radical thus obtained again unites with 
two atoms of chlorine, producing chlorinated ethylidenic di- 
chloride, 

CHCIC] 
{enc » 
which, by further treatment with alcoholic potash, yields dichlo- 
rinated ethylidene ; and so, by alternate treatments with chlorine 
and potassic hydrate, ethylene becomes transformed into tetra- 
chlorinated ethylidene. The following formule show the first, 
intermediate, and final compounds :— 


CH, {CH,Cl ("CH {CHCIC! {CHCICI 
{GH { citcl {onc { Gicl "OH 


CHCIC ("CCl (¢c” CCl, 
{ SHcicl { GHCl, | CHeit "ot 
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Tetrachlorinated ethylidene absorbs two additional atoms of 
chlorine, producing the solid dicarbonic hexachloride :— 
CCi,. 
Ccl, 
Dicarbonio hexachloride. 

2. The dyad radicals of the ethylene series can be transformed 
into the monad radicals from which they are derived If ethylene 
be digested with hydriodic acid for 50 hours at 100° C., it is 
transformed into ethylic iodide :— 


» [CH, _ sn, 
{oH + HI = { GH'T 
Ethylene. Hydriodic ret ht 

acid. iodide. 


From this, ethy] may be prepared, as shown at p. 12. 

Isomerism of ethylene and ethylidene compounds.—The chlorides 
of the dyad radicals are isomeric :— 

1. With the chlorides of the monochlorinated normal monad 
radicals. 

2. With the chlorides derived from the aldehydes, which, 
however, are identical with the chlorides of the monochlorinated 
normal monad radicals :— 


CH,Cl CH, CH, 
CH,C) Clic, CHUL, 
Ethylenic Ethylidenio dichlo- Monochlorinated 
dichloride. ride (obtained from ethylic chioride. 
aldehyde.) 


These substances, when treated with alcoholic potash, all 
yield the same vinylic chloride :— 


{ CHCl + KHo = { cnc + OH, + KC. 


pee lenic Potaasic Vinylic Water. Potassic 
oride. hydrate. chloride. chloride. 

KHo = {CH OH, + KCI 
CHUL, + Kio = jicoa + OH, + KCl. 
Pere pr ae rome Vinylic Water. Potassic 
Le ve a ©, or ydrate. chloride. chloride. 


But certain compounds of ethylene yield paralactic acid, 
whilst the corresponding compounds of ethylidene give lactic 
c2 
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acid. The boiling-points of their chlorides also differ, ethy- 
lenie dichloride boiling at 85°, whilst ethylidenic dichloride 
boils at 64°; on the other hand, ethylenic oxide boils at 18°5, 
whilst ethylidenic oxide (aldehyde) boils at 20°. 

The oxides of the dyad radicals are isomeric :— 

1. With the corresponding aldehydes. 

2. With the alcohols of the vinylic or C,H;,.,Ho series. 

The nature of this isomerism is seen from the following for- 
mule :-— 


{ CHa CH, "CH 
CH, COH CH, Ho’ 

Ethylenic Acetic Vinylic 
oxide. aldehyde. alcohol. 

ETHYLENE. 

i 

" { i ee 
J 


Molecular weight =28. Molecular volume (_}. 1 litre weighs 
14 eriths. 
Preparation.—See general methods (p. 16). 
Reactions.—1. Decomposed into carbon and marsh-gas by 
passing through a red-hot tube :— 


a Cll, ‘eas 
GH = CH, + ¢ 
Ethylene. Mareh- 


gas. 
2. Burns in chlorine with deposition of carbon :— 
: {GH + 2 = C, + 4HCL. 
Ethylene. Hydrochloric 
acid. 
8. Ethylene when agitated with solution of potassic perman- 


ganate is oxidized, oxalic acid, formic acid, and carbonic anhy- 
dride being formed :— 
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CH + 0, = {¥¥2° 4 on, 


Ethylene. Oxalic Water. 
acid. 


CH, + 0, = SoH. + © + OH, 


Ethylene. Formic acid. Carbonic Water. 
anhydride. 


Ethylidene, the isomer of ethylene, has not yet been isolated, 
unless the hydrocarbon C,H, derived from the transformation of 
ethyl is this body. The constitutional formula of ethylidene is 


H 


| 
CH, H—C—H 
"CH ry i 
H— 
O 


ACETYLENE or C,H3,-2 SERIES. 


Acetylene is the radical belonging to this series which is 
best known. The series comprises the following members :— 


Acetylene ..............ce eee. C.H.. 
Allylene 0.0.0.0 0.0 00... O,H, 
Crotonylene............ ........ C.H,. 
Valerylene ..................... C,H, 


These radicals stand in the same relation to the alcohols of 
the vinylic series as ethylene bears to ethylic alcohol. They 
are also probably capable of assuming tetrad functions. 


ACETYLENE. 
CY 
ong "CH Sees pens @ oy | H—C—C—H 
C,H, or{ GH. H—-C—-C—H or HUE 


Molecular weight =26. Molecular volume(T). 1 litre weighs 
13 eriths. 
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Preparation.—1. By synthesis from its elements. When an 
electric arc from a moderately powerful voltaic battery passes 
between carbon poles in an atmosphere of hydrogen, acetylene 
is produced. 

2. By the action of water on potassic carbide :— 


C.K, + 20H, = CH, + 2KHo. 


Potassio Water. Acetylene. Potassic 
carbide. hydrate. 


8. By the action of heat upon olefiant gas or the vapour of 
alcohol, ether, or wood-spirit, or by passing electric sparks 
through marsh-gas :— 

2CH, = CH, + 3H,. 
Marsh-gas. Aoetylene. 

4. By heating the vapour of methylic chloride to low red- 

ness :— 


2CH,Cl = C,H, + 2HC] + H,. 


Methylic Aoctylene. Hydrochloric 
chloride. acid. 


5. By passing the vapour of chloroform over ignited copper :— 
2CHC] + Cu, = C,H, + 3'Cu’Cl,. 


Chloroform. Acetylene. Cuprous 
chloride. 


6. By the action of calcic carbide upon water :— 
C.Ca” + 20H, = CH, + CaHo,. 


Calaie Water. Acetylene. Calcic 
carbide. hydrate, 


7. From vinylic bromide, one of the derivatives of ethylene, 
acetylene may be obtained by the action of alcoholic potash :— 
C.H,Br + KHo = C,H, + KBr + OH, 


Vinylio Potassic Acetylene. Potassic Water. 
bromide. hydrate. bromide. 


8. By the incomplete combustion of bodies containing car- 
bon and hydrogen :— 
4CH, + 30, = 2C,H, + 60H,: 
Water. 


Marsh-gas. Acetylene. 
2eCH, + O, = 2C,H, + 20H, 
Ole@ant gas. Acetylene. Water. 


The crude acetylene, obtained by any of these processes, is 
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best purified by passing it through an ammoniacal solution of 
cuprous chloride, with which it forms a red precipitate con- 


C,'Cu',H Cu-Cu Cu-Cu 
taining ; O ; | dl 
C,'Cu'",H H—C—C—O—C—C—H 
a7 7 
C,’Cu',H 
2’;Ca'.Cl, + 2C,.H, + OH, = {0 + 4HCI. 
C,'Cu',H 
<< se oe 
of copper 


If ethylene has been present in the crude acctylene, the 
liquid containing the red precipitate is next heated to boiling, 
in order to decompose a compound which ethylene forms with 
copper. The cuprosovinylic ether is then collected upon a 
filter and washed. On heating cuprosovinylic ether with 
hydrochloric acid, pure acetylene is evolved : — 


C,Cu',H 
O + 4HCl = 2C,H, + 2’Cu‘Cl, + OH,. 


C,'Cu',H 
Cunroswinglie Hydrochloric Acetylene. Cuprous Water. 
ether. (Acetylide acid, chloride. 

of oopper.) 


Reactions.—1. When cuprosovinylic ether is heated with zinc 
and dilute ammonia, the nascent hydrogen, evolved by the action 
of the zinc upon the ammonia, unites with acetylene, producing 
ethylene :— 


C,'Cu’,H 
O + 2H, = 2C,H, + 4Cu + O8F,; 
C,'Cu,H 
Coperecrerhe Acetylene. Water. 
C.H, + H, = COA, 
Avetylene. Ethylene. 


2. Acetylene is absorbed by sulphuric acid, producing vinyl- 
sulphuric acid :— 


hed H, + 8S0,H = 80 (C 7H :0)Ho. 
Saban Viny}-oul 
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8. Acetylene unites with bromine, forming acetylenic dibro- 
mide :— 
"CH, + Br, = "C’H,Br,. 


Acetylene. Acetylenio 
7 dibromide. 


4. By agitating acetylene with solution of potassic perman- 
ganate, oxalic acid is formed :— 


0 CH a COHo 
{ cH + 29, = | COHo’ 
Acetylene. Oxalic acid. 


Carbonic anhydride and ormic acid are simultaneously pro- 
duced :— 


7] CH Res H 
{ei ge { Gout +00, 
BROMACETYLENE. 
C.HBr. 


By boiling together dibromethylenic dibromide with alco- 
holic potash, a spontaneously inflammable gas is evolved, which 
is bromacety)ene. 


CHBrBr 

| GHB,Bs = HBr + Br, + C,HBr. 
Dibromethylenic Hydrobromic Bromacetylene. 
dibromide. acid. 


PHENYLENE or C,H,,., SERIES. 


The dyad radicals of this series are very little known. 
The following have alone been isolated :— 
Phenylene, C,H,. 
Toluylene or Stilbene, C_H,,. 


NEGATIVE RADICALS. 25 
POSITIVE RADICALS. 
TRIADS. 


These radicals are unknown in the separate state, unless they 
are identical with the dyad radicals of the acctylene series :— 


_ f (CH)” 
C.H, = { GIy” 


Acety lene. Formy). 


They are, however, well known in a numerous class of com- 
pounds belonging to families which will be studied hereafter. 


CHAPTER IV. 
ORGANIC RADICALS 


Crass II. 


NEGATIVE RADICALS. 
Every positive radical may be looked upon us the source of a 
negative radical, which is gencrated by displacing a portion of 
the hydrogen of the former by oxygen. Thus :— 


Ethy! { Cit yields acety! {Siro 
CH C,H,0 
Allyl cH ©» *Yl A o'H’o: 


Ethylene (C,H,)" ,,  glycolyl (C,H,O)". 
Propylene (©,H,)” ,, lactyl (C,H,O)”. 
3 » malonyl (C,H,0,)”. 

The constitution of the so-called compounds of these negative 


radicals may, however, be more simply explained from another 
point of view ; and, in fact it will rarely be necessary for us to 
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recognize the existence of more than two negative radicals, in 
order to understand the whole range of negative organic com- 
pounds. These are :— 


Cyanogen.........000... 00 | ON fK—t-—6_X 


sa a os a 
Ye ff Oui the molecule CoH OoO=—C——C=0 
of which is dry es 
av COHo 
- oxalic acid. | ) 
{ e’ . H H 


yg“ These two radicals are the acidifying principles of nearly all 
organic acids; they are, therefore, highly important compounds. 
The semimolecule of each consists of an atom of carbon, one 
bond of which is free to combine with other elements or groups 
of elements, the other three bonds being saturated, in cyano- 
gen by triad nitrogen, and in oxatyl by one atom of oxygen 
and one semimolecule of hydroxyl. In the molecules of both, 
the two free bonds of the carbon saturate each other. 

These radicals are closely related to each other. Thus, if 
cyanogen be dissolved in water, it is soon transformed into 
ammonic oxalate :— 

CO(N'H 
{enn + 40H, = {Gouna} 
Cyanogen. Water. Ammonioc oxalate. 
In the presence of potassic hydrate, cyanogen evolves ammonia 
and produces potassic oxalate :— 


ON" COKo 
{ On” + 2KHo + 20H, = { COKo oe 2NNH,. 
Cyanogen. nyaree. Water. a Ammonia. 


From these salts, oxalic acid, or the molecule of oxatyl, may 
be readily obtained by the action of sulphuric acid. 
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In the converse manner, oxatyl may be converted into cya- 
nogen, by transforming it into ammonic oxalate and submitting 
this salt to the action of heat :— 


CO(N'H,0) CN” 
{Gowwiigy = 208%, + {Gye 
Ammonio oxalate. Water. Oyanogen. 


A 
¢ 


ge o 
CYANOGEN, = 879%" “i 
Lia } / 


1oNn” or Cy.. p' : 
Molecular weight =52 Molecular volume (T) 1 litre weighe 
26 eriths. Fuses big —31°, Bosls at —20° 7. 
(a tak tg Row bee = a v4 
Occurrence.—A mongst the gases of blast furnaces,—a proof 
of its withstanding an extremely high temperature. 
Preparation.—By the action of heat on mercuric cyanide :— 
a” Pd f ( 
FigCy, = He + Cy, # in 
a Cyanogen - rare f 3 ° 
This equation only partially expresses the reaction, as 8 irae 
non-volatile compound ( paracyanogen), Cy,, 18 simultaneously « 
produced. /, /; eae my he er ele a dh Minny l ium 


Reaction. 6M 6 ton unites directly with anaes 4 


Cy, + K, = 2KCy. 47°" 19 
Ya Poksacte jon eo m Kf t 
anide. & ~“Osak wos 


) Cyanogen 
hee uae Peace o 47 & 


lonl fre pn [yer tie G : 
Fe ee i ete atk tte Soleus 


g, Eephocy or Me “ae Gn, Os, (ot 
grate to Aus fh (ie ff ages: o~ /? Ty wad 
aanfh. et turd NC... yg af ae Oe o wp VAL V3 

weight =27. Molecular volume ([). 1 litre of hy- 
drocyanic acid vapour weighs 13°5 crithe. Sp. gr. of liquid 
07058. Fuses at —15°. Botleat26°5. =—s_ 


a§g i oh th hha Sha piicke Mins fandage x 
-~H a #- ~NEC Kee Cag by Ser 0 seleke x 
reparation.—1. In the anhydrous condition, ‘< passing 

fy dzgeulphuric acid over mercuric cyanide :— 


5 HeCy, + SH, = HgS" + 2HCy. 
f @ ae Mercuric Sulphuretted Mercuric Hydrocysntc 
Ae fo 397 anide. hydrogen. sulphide. act 


. By distilling potassic cyanide, or ferrocyanide, with dilute 
¢ sulphuric acid :— 
whey KCy + 80,Ho, = 211Cy + 80,Ko,. 


fh ae PB tasnic Sulphuric Hydrocyanic Potassaic 
cyanide. acid, acid. sulphate. 


3. By passing nitrogen over an ignited mixture of potassic 
carbonate and carbon :— 


COKo, + C, + N, = 2KCy + 360. 
Potasaic Potasaic Carbonic 
carbonate. cyanide. oxide. 


The potassic cyanide thus formed is then treated according 
to process No. 2. 

4. By heating together an alcoholic solution of ammonia, 
chloroform, and potassic hydrate :— 

WH, + CIC, + 3KHo = 3KCl + NCH + 30H.,. 


Ammonia. Chloroform. H ydrocyanic 
acid, 


asses, partly into ammonic ee as mentioned at p. 26, and 
ie into ammouic format ~~ fp, 6 fh dn kreme « bree 


far th Ae be oat, \ Ligh are < oy, Ch Mts Jd wry 
detut. NCH + 2611, eit eu ‘“ 


Hyd anic Water. Ammonic 
. Pac formate. 


2. If hydrocyanic acid be mixed with concentrated bydro- 
chloric acid, formic acid and ammonic chloride are produced :— 


NCH + 20H, + HC = { COHo + NHC. 


Bycrayene Water. Hydrochloric Formic , Ammonic 
ack : aad. acid. chlonde. 


8. The displacement of the hydrogen in hydrocyanic acid by 
metals gives rise to a very extensive series of single and double 
cyanides. The following is a list of the most important of 
these compounds :— 


th aA flan dy ger tl: k- 


; Reactions. —1. Wydroc yanic acid in contact with water slowly 
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Single Cyanides. 


Potassic cyanide................0c0cc cee nec eee KCy. AO, He. 
Zincic cyanide ....... 2.0... cece eee cence os wan(‘y,. 

Cadmic cyanide ....................... wee e. OCaCy. 
Nickelous cyanide .................. cseseeeee NiCy.. 
Argentic cyanide ....................00 cee AgCy. 


Mercuric cyanide 
Aurous cyanide ..................66. cece eee Au. 


Cuprous cyanide .............. age 2 “OUCye. - 
‘Ferrous cyanide ................0:c0000 cee Bey, Ra viss . 
‘Cobaltous cyanide ..................:.00 . Col'y,. 
Double Cyanides. 

Dipotassic zineic tetracyanide ..... ..... .  K,Sn", Cy. ; 
Dipotassic cadmic tetracyanide .......... K Cd”, Cy," 
Dipotassic nickelous tetracyanide ........ K Ni’, Cy,..., 
Potassic argentic dicyanide ..... ..... KAg, Cy, 4, | 
Potassic aurous dicyanide...... 5 hat KAu, Cy, +. 
Potassic auric tetracyanide ........ . . KAu", Cy, 
Dipotassic cuprous tetracyanide .....  K,Cu), Cy,. 
Dipotasssic platinous tetracyanide —.. K Pt", Cy, 
Tetrapotassic diplatinic decacyanide ..... kK, Pt" Cy,,. 
Tetrapotassic ferrous hexacyanide. (Po- 

tassic ferrocyanide.) ............0. 0.00... K,, Fe"Cy,. 
Hexapotassic diferric dodecacyanide. (Po- 

tassic ferricyanide.) ............ 00. 0. 0. K,, ‘Fe'',Cy,.. 
Hexapotassic dicobaltic dodecacyanide. 

(Potassic cobalticyanide.) .............. ... K,, 'Co'"".Cy,,. 
Hexapotassic dichromic dodecacyanide .._ K,, ‘Cr’ Cy,,. 
Hexapotassic dimanganic dodecacyanide .. K,'Mn",, Cy,,. 


The cyanides of the alkali metals when fused in contact with 
air, absorb oxygen, producing cyanates :— 
KCy + O = CyKo. 


Potassic Potaasic 
cyanide. cyanate. 


Some of the single cyanides, as potassic cyanide, are readily 
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\decomposed by acids; others, as ferrous and aurous cyanides, 
may be boiled with moderately strong acids without decom- 
position. 

Moat of the insoluble single cyanides dissolve in solutions of 
the alkaline cyanides, forming double cyanides. Some of these 
double compounds, when acted upon by hydrochloric acid, evolve 
hydrocyanic acid, producing chlorides of both metals, as in the 
case of dipotassic zincic tetracyanide. These are called easily 
decomposable cyanides, and are indicated in the above Table by 
the comma being placed between the cyanogen and the metals. 

Other double cyanides do not evolve hydrocyanic acid 
under the influence of hydrochloric acid, but produce a 
chloride of one of the metals, the remaining elements of the 
compound uniting with hydrogen to form a complex acid. In 
the above Table the double cyanides of this class are indicated by 
the comma being placed between the metals. 

The most important of these double cyanides are the po- 
tassic ferrocyanide K,, Fe’Cy,, and the potassic ferricyanide 
K,, 'Fe",Cy,,. 


4 


POTASSIC FERROCYANIDE. 
K,, Fe'Cy, or K,Cfy. 

Preparation—1. By placing a mixture of iron filings and 
solution of potassic cyanide in contact with the air, oxygen is 
sheer ped and potassic ferrocyanide produced :— 

“Rex + 6KCy + OH, + O = K,Fe’Cy, + 2KHo. 


Potaame Weer. Potassic Potnssic 
cyanide. ferrocyanide. hydrate. 


2. By digesting potassic cyanide with ferrous sulphide :— 
FeS" + 6KCy = K,Fe"Cy, + SK, 
Ferrous Potaasic Potasac Potassic 
sulphide. cyanide. _ ferrocyanide. sulpinde. 


8. Ona manufacturing scale it is prepared by fusing nitroge- 
nous animal matter with potassic carbonate and iron filings in 


POTASSIC FERRO- AND FERRICYANIDES. $1 


iron vessels, lixiviating the resulting mass with water, and crys- 
Reactions —1. Potassic ferrocyanide, when fused with po- 
tassic carbonate, forms potassic cyanide and cyanate :— 
Fe'Cy,K, + COKo, = 5KCy + CyKo + Fe + CO,. 


Potassic Potaaaic Potasac Potasmeo Carbonic 
ferrocyanide. carbonate. cyanide cyanate. anhydride 


2. By mixing solution of potassic ferrocyanide with ether and 
hydrochloric acid, hydroferrocyanic acid is precipitated :-— 


Fe"Cy,K, + 4HCl = 4KCl + = Fe'Cy,H,. 


Potassio Hydrochlorto Potaaaic Hydroferrocyanic 
ferrocyanide. aad chloride. , acid. os 


83. Potassic ferrocyanide produces, with solutions of ferrous 
salts, a light-blue precipitate, which rapidly becomes dark blue 
in contact with the air :— 

Fe"Cy,K, + 80,Feo” = Fe’Cy,Fe"K, + 80,Ko,. 


Potasaic Ferrous Light-blue Potasnic 
ferrocyanide. sulphate preonpitate. sulphate. 


4. With ferric salts 1t gives prussian blue :— 
8Fe"Cy,K, + 2FeCl, = 3Fe"Cy, 2’Fe" Cy, + 12KCl. 


Potasaic Ferric Prussian blue. Potassio 
ferrocyanide. chloride. chloride 


5. With cupric salts it gives a red precipitate of cupric ferro- 
cyanide :— 


KFe"Cy, + 280,Cuo” = Cu"Fe"Cy, + 280,Ko,. 
ferrooyansie. — foreuryanide sabe 


POTASSIC FERRICYANIDE. 
K,, ‘Fe’, Cy,, or K,Ctdy. 
Preparation.—By the action of oxidizing substances, such as fos 


chlorine or nitric acid, on potassic ferrocyanide:— / is 
2K Fe"Cy, + Ch = KFe"\Cy,, + 2KCL 
Potassic Potassic otessic 
ferricyanide. = chloride. 
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Reaction.— Potassic ferricyanide produces no precipitate with 
solutions of ferric salts, but causes a deep-blue precipitate with 


ferrous compounds :— 

K,'Fe"’.Cy,, + 880,Feo’ = Fe" 'Fe'Cy,, + 880,Ko,. 
Potassic Ferrous sulphate Turnbull's blue. Potasaic 
fermoyanide sulphate. 


"1! + “_ . QTHER COMPOUNDS OF CYANOGEN. 


aad ¢ 
There are three isomeric chlorides of cyanogen :— 


Me awe % 10 r 
/ CyCl. Cy CK .- “«, Oy AY, iad 


nee Liquid, Bohd 
The molecular volume of all three cyanic chlorides 1s (T]. 
1 litre of gaseous cyanic chloride weighs 30°75 crithe. 
1 litre of vapour of liquid cyanic chlorideweighs 615 __,, 
1 litre of vapour of solid cyanie chloride weighs 92°25 __,, 


Cyanogen produces, with hydroxy], three isomeric acids and 


+ 


an isomeric neutral body :— 
Cyanic acid 
Cyanuric acid 


CyrOH or CyHo. 

Cy ,O.H, or Cy,Ho,. 
Fulminuric acid . . Cy,0,H, or Cy,Ho,. 
Cyamelide Cy,0,H,, or Cy, Ho, 

When potassic cyanide is boiled with sulphur, the latter is 
dissolved and the solution contains potassic sulphocyanate :— 


CyvK + S = CyKs. 


Potaaaic Potasaic 
cyanide sulphocvanate 
This compound produces with ferric salts a blood-red colour. 
oe be wt iy as fa Obey ae a a 
wn la 

OXATYL. 
COHo 
COHo’ 


This radical, in the isolated condition, constitutes dry oxalic 


 OXATYL, 833 


acid ; and in combination with hydrogen and other radicals it 
enters into the composition of nearly all organic acide. Acids 
containing one semimolecule of oxaty] are monobasic, those 
containing two are dibasic, and those containing three are tri- 
basic. 

The relations between methyl], oxatyl, and cyanogen are very 
simple :— 


H H 
| | CHI ie. fOrN On” 
sea eee eet 4 . ‘ ‘ Y N 
H—( | H eink Kt C4 { ON" 
iti i Methyl. a - Cyanogen. 
7 _a_—n J CONo 
a= (0 COHo 
O O Oxatyl. 
| | 
H H 


In methy] the two carbon atoms are united together by one 
bond of each, the remaining three bonds of each atom being satu- 
rated by three atoms of hydrogen. In cyanogen the carbon 
atoms are united in the sane manner, but the three remaining 
bonds of each carbon atom are saturated by triad nitrogen ; 
whilst in oxatyl the three remaining bonds are saturated with 
the dyad clement oxy gen and the monad radical hydroxyl. 

Oxaty] has not been united with chlorine to produce oxatylie 
chloride (COHoCL); nor has its hydroxyl been replaced by 


chlorine to form ae When treated with phosphoric 


chloride, it yields carbonic oxide and carbonic anhydride :— 


{ Gone + PCI, = CO + CO, + 2HCl + POC, 


Oxstyl. Phosjhone Carbomic Carbone Hydrochlore = Phosphoric 
chloride. onde anhydride acid. oxy trichloride, 


VOL. II. D 
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OXALIC ACID. 


pa 20H, (crystallized). 


Occurrence.—In the form of the hydric potassic salt in Oralis 
acetosella, and in the form of different salts in many other 
plants, and also in the animal organism. 

Preparation.—1. From its elements through the medium of 
potassic cyanide. (See pp. 26 & 28.) 

2. By passing carbonic anhydride over heated sodium :— 


: N 
2CO, + Na, = { pats 
Carbonic Sodic oxalate. 


anhydride 


3. By the oxidation of a large number of organic compounds. 
Most organic substances are converted by oxidizing agents 
into oxalic acid before their final transformation into carbonic 
anhydride and water: thus sugar is transformed into oxalic 
acid by the action of nitric acid. 

4 4. By heating sawdust with a mixture of potash and soda, 
oxalates of these bases are formed. 

Transformations —1. By the action of heat, oxalic acid is 
transformed into carbonic anhydride and oxatylic hydride, or 
formic acid :— 


'§~COHo _ i 
COHo ~— CO; + { COHo’ 
® Oxalic acid. Carbonic Formic acid. 
16 Mans anhydride. 


..4 portion of the formic acid is at the same time decomposed 
into water and carbonic oxide :— 


H 
{ GoHo = OH, + CO. 


Formic acid. Water. Carbonic 
oxide. 


2. Substances having a strong attraction for water, such as sul- 
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phuric acid, transform oxalic acid into water, carbonic oxide, 
and carbonic anhydride :— 


COHo 
| Colle = CO + CO, + ON, 
Oxalic acid. Carbonic Carboniv Water. 


oxide. anhydride 


3. Heated with an excess of alkali, oxalic acid (or an oxalate) 
yields hydrogen and a carbonate :— 


{ ak + 2k Ho = 2CO Ko, + H,. 
Potassic Potasmo Potaemec 
oxalate. hydrate. carbonate 


4, Argentic oxalate explodes when heated, producing silver 
and carbonic anhydride :— 


COAgo _ yg 
COAgo ~ 200, + Ag, 
Argentic Carbonic 
oxalate. anhydride. 


Salts of Oxalic acid.—Oxalic acid forms three series of salts :— 


Normal. Acid. Superacid, 
CoOKo f COTo { COHo COllo 
COKo’ | COKo {| COKw =| COHo’ 
( oa 
@) 
{ G,, Bao”. Bao” . 
CoO 
| COITo 
OXAMIC ACID. 
CO(N''H,) COAd 
COlo Colo 


Preparation.—By heating hydric ammonic oxalate to 280° : — 
CO(N'H,O) — f CO(N''H,) + OL 
COHo ~ | COHo a" 


Hyer eames Oxamic acid. Water. 
o ° 
Reaction.— By boiling oxamic acid with water it is retrans- 
formed into hydric ammonic oxalate. 
D2 
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OXAMIDE. 


CO(N''H,) ve 
CO(N’H,) °* | COAG 


Preparation —1. By distilling normal ammonic oxalate :— 


aa —" puis 


CO(N'HLO) = CO(N'I): 
Normal] aemonte Water. Oxamide. 


2. By acting upon ethylic oxalate by ammonia :— 


{ Gout + ®NH, = {Gout + 2EtHo. 


COEto CO(N"'H) 
Ethylic Ammonia. Oxamide. Alcohol. 
oxalate. 


Reactions.—1. Oxamide, when heated with phosphoric anhy- 
dride, evolves cyanogen :— 


CO(N"H,) CN” 
{ Cour") ios teen {GN 


Oramide. Water. Cyanogen. 


2. Dilute acids convert it into oxalic acid and ammoniec 


salts :— 
CO(N'’H) _ [COHo 
{ CO(N''H,) - S80, Ho, + 20H, = COHo 
Oramide. Sulphuric acid. Water. Oxalic acid. 


+ SO (NIH,O).. 
Ammonie sulphate. 
By distilling the ovalates of the compound ammonias instead 
of ammonic oxalate, compound oxamides are obtained :— 


CONCH O) CU(N'’ Mell) 
1 COUN Mell.0) = 20H, + GOWN’ Mell) 


Methylammonte oxalate. Water. Dimethvloxamide. 
COCN'PHH,O) CO(N" Phi) 
J COGN*PINOY = 20H, + 1 Gon" PRED” 


Phenylammonie oxalate. Water. Diphenyloxamide. 
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CHAPTER V. 
HYDRIDES OF THE ORGANIC RADICALS. 


This family is divided into two classes -— 


Class I. Hydrides of the Positive Radicals. 
Class IT. Hydrides of the Negative Radicals. 


Class I. 
HYDRIDES OF THE POSITIVE RADICALS. 
Two series of hy drides belonging to this class are well known , 
they are :— 
1. Hydrides of the Radicals of the Methy! series. 
2. Hydndes of the Radicals of the Pheny! series. 


1. HYDRIDES OF THE RADICALS OF THE 
METHYL SERIES, Marsh-gas or C,Hi42 Series. 


There is some difference of opinion as to whether these com- 
pounds are identical or isumeric with the radicals of the methyl 
series. Thus methy] and ethylic hydride both contain C,H,, 
and ethyl and butylic hydride both contain CH. The graphic 
formule exhilnt no difference betwecn these pairs of bodies re- 
spectively. Thus :— 


eH 4H c HH dH H 
| | | | | 
H——C— —C—H i— aa —C—_C—H 

| 
H a H HH t tk 
Methy! or ethylec hydride. Ethyl! or butylic hydride. 


These formule do not show us whether the molecule of 
methy! or ethylic hydride will separate at a and so be represented 


by the formula {no or at 6 and eo be written thus, 
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toe or whether the molecule of ethyl or butylic hydride 
3 


will separate at c, and so be formulated { Sane) Hor at d, 


when it should be represented by | OCH OE . Some experi- 
3 a 


ments in connexion with this subject appear to show that these 
compounds are isomeric. 

A difference between methyl and ethylic hydride can only 
be conceived on the supposition that the four bonds of carbon 
have not equal values in combination, an hypothesis which is not 
altogether unsupported by facts. 

Preparation —1. There is only one process of general applica- 
tion for preparing these hydrides ; it consists in bringing water 
into contact with the zinc compounds of the respective radi- 
cals :— 


2n(C.H2.41), + 20H, — Zullo, + 2 poet * 


Zine compound Water. Zaneic Hvdnde of 

of radical. hydrate. radical. 

The corresponding compounds containing more positive 
metals might doubtless be substituted for those of zinc. 

2. There arc several special processes which may be used for 
preparing these hydrides. Thus all the hydrides above that of 
methyl may be obtained, together with the corresponding dyad 
radical, by acting upon the iodide of the monad radical by 
zinc :— 


9 ee + Zo = ZnlI, + C,H, + \ et 
Methylic hydride, or marsh-gas, is produced during putre- 
faction, and by the distillation of potassic acetate with excess 
of potassic hydrate. 
The destructive distillation of coal and of allied substances 
also furnishes a large number of the members of this series. 
Character. —They are all distinguished by their great chemical 


MARSH-GAS, OR METHYLIC HYDRIDE. 389 


indifference, and by their forming substitution compounds con- 
taining chlorine, bromine, &c. 

The following list contains the hydrides of the monad radicals 
hitherto studied :— 


Methylic hydride, or Marsh-gua......... McH or C Hi, 

Ethylic hydride ..........0.....cceseseeess “HL or C,H, 

Propylic or tritylic hydride ............ PrH_ or C, H, 

Butylic or tetryhe hydride ............ Bull or (, H,, slightly above 0° 
Amylic or pentylic hydride ............ AYH or C,H, 30° 
Hex) lic or caproylic hydride ......... CpH or ¢, Il, G8? 
Heptylic hydride ............cccssesssssessceveeveses C,H, - {M° 
Ooty lic hydride :iccscsdss secsxcncccevaaseaeindsseoas C, Hy 116-118° 
Nonylic hydride...........0...sscscecosssereteescsoeee C, Hao 136° 138° 
Decatylic hydride ........0.c.ccsseeeereceeceeseeseens Cylls 160- 162° 
Endocatylic hydride ..........cccceccccescereeveenees CiHy, 180: 144° 
Dodecatylic hydride .........cccccesscseeseseeeeeeee CL. 1443-200 
Tridecatylic hydride ............:ceccsscscessensevees CHL, 216 218° 
Tetradecatylic hydride .........ccccccceee teeeseee Cy Hy, 236-240" 
Pentadecatylic hydride .........ccccceceecseececscene C,,1,,  255-260° 


METHYLIC HYDRIDE, Marsh-gas, Light Carburetted 
Hydrogen, Fire-damp. 
CH, or Melf. 
Molecular weight =16. Afolecular volume (1). 1 litre weighs 
8 criths. 

Occurrence —1. As a product of the decomposition of orga- 
nic substances out of contact with air. 

2. Evolved in coal-mines. 

3. The gas of the mud-volcano at Bulganak in the Crimea is 
nearly pure marsh-yas. 

Preparation.—1. By the action of water on zincic methide. 
(See general reaction, p. 38.) 

2. By distilling two parts of potassic acetate, two of potassic 
hydrate, and three of lime :-— 


{Go} + KHo = COKo, + CH, 


COKo 
‘ Potaasic Potaasic Potassic Methylig 
acetate. hydrate. carbonate. hydridg, 
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8. By the reduction of carbonic chloride or of chloroform 
with sodium amalgam and water :— 
Cc], + H, = 4HCl + CH,: 


Carbonic Hydrochloric Methylic 
chloride. acid. hydride. 


CHCl + H, = 3HCl + CH, 
Chloroform. Hydrochlorio Methylic 
avid. hydride. 


4. By passing carbonic disulphide and hydrosulphuric acid, 
or carbonic disulphide and steam, over ignited copper :— 
Cs", + 28H, + 4Cu = 4CuS” + CH... 


Carbonic Sulphuretted Cuprie Methylia 
disulphide. hydrogen. sulphide. hydride. 


5. By the destructive distillation of organic substances, such 
as wood and coal. 

Reactions.—1. When equal volumes of methylic hydride and 
chlorine are exposed to diffused daylight, methylic chloride is 
formed :— 

CH, + Cl, = HC] + ©OH8H,CI. 


Methylic Hydrochlorio Methvlic 
hydride. acid. chloride. 


2. When methylic hydride is passed through a red-hot tube, 
hydrogen, ethylene, acetylene, and ethylic hydride are pro- 


duced. 


ETHYLIC HYDRIDE. 
C.H, or CMeH,,. 
Molecular weight =30. Molecular rolume (J). 1 litre weighs 
15 criths. 

Preparation —1. By the action of water on zincic ethide 
(see p. 38). 

2. By the action of ethylic iodide on sodic ethide, ethylene 
being simultancously produced :— 
pa ei + CMeHI = Nal + CH, + COMeH,,. 


Ethylic Sodic Ethylene. eae 
rodide. iodide. hydride. 


AMYLIC HYDRIDE. 4) 


Reactions. —1. When equal volumes of ethylic hydride and 
chlorine are exposed to diffused daylight, the following action 
takes place :— 

CMeH, + Cl, = CMelI,Cl + HCl. 


Ethyhe B Ethyhio Hydrochloric 
hydride. chloride. acid. 


A small portion of the body CMeH,Cl is ordinary cthylic 
chloride, which is a liquid, boiling at 12°°5 ; but the rest is a gas 
which does not condense at —18°. 

2. When a mixture of two volumes of chlorine and one of 
ethylic hydride is exposed to the action of diffused daylight, an 
oily liquid having the composition of ethylenic dichloride is 
formed :— 

CMell, + 2Cl, = OC,H.Cl, + 2HCI. 


Ethyhe Hydrochlone 
hydride. acid. 
AMYLIC HYDRIDE. 
C,H, or CBull,. 


Molecular weight =72. Molecular volume [TT]. 1 litre of 
amylic hydride vapour weighs 36 criths. Boils at 30°. 
Occurrence.—In petroleum and coal-oil. 
Preparation —By digesting zinc and amylic iodide with 
water or alcohol at 100° :— 


2CBuH I + 24n + 201, = 2CBull, 


1 Water. Amylic 
fodide. h yderde. 
+ ZnHo, + Znl,. 
Zincice Zinate 
hydrate. iodide. 
PARAFFIN. 
C.H342- 


This body is produced, together with numerous other com- 
pounds of a like nature, by the destructive distillation of bog- 
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head coal and similar substances. It is also found in petroleum 
and asphalt. Chlorine has no action upon paraffin in the 
cold; but if it be passed into melted paraffin, the latter 
is slowly attacked, hydrochloric acid being evolved. In 
this reaction paraffin resembles the hydrides of the monad 
radicals, and differs from the dyad radicals, to which class it 
was formerly considered to belong. In the formula C,H,,42 for 
paraffin, the value of m has not yet been satisfactorily deter- 
mined; in fact it is probable that several distinct hydrides of 
the class now under consideration are confounded under this 
name. 


2. HYDRIDES OF THE RADICALS OF THE 
PHENYL SERIES. 
The following six members of this series are known, viz. :— 





Boiling- 
Formula. prointa, Bp. gr. 

Pentol ........... ©, H, G00 
Benzol_ ......... C, H, 80° O"85 
Toluol....... .. ©, HW, 110-0 0-87 
Xylol oo... OH, 1285 — 
Cumol ........... C,H, 1485 0°87 
Cymol........ ©,H,, 1714 0-86 


Preparation.—1. These hydrides are produced by the distilla- 
tion of the alkaline salts of the acids containing the same posi- 
tive radicals, with excess of potassic hydrate :-— 


{ Suite” + KHo = COKo, + Catt 
Potaasic salt. Potasaw Potassic Hydride of 
hydrate. carbonate. radical. 
2. By the destructive distillation of various organic sub- 
stances, such as coal. 
Methyl-pheny], C,H,Me, is ordinary coal-tar toluol. 
Ethyl-phenyl, ©,H,Et, is not xylol from coal-tar; it boils 
at 135°, six or seven degrees above the boiling-point of coal-tar 
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xylol. Ethyl-pheny] produces a nitro-compound which can be 
distilled ; it boils at 233°. Ethyl-phenyl, when oxidized by 
chromic acid, gives benzoic acid aud carbonic anhydride, while 
xylol gives terephthalic acid. 

Xylol from coal-tar is dimethyl-benzol or methy]-benzyl, 
C,H,Me,. It may be produced by the action of bromotoluol 
upon methylic iodide in presence of sodium. 

Diethyl-benzol, by oxidation with chromic acid, gives water, 
carbonic anhydride, and terephthalic acid :— 

C,H,Et, + 120 = CH (COHo), + 200, + 40H,. 
Diethy! benzol. Terephthahe acid. 


Oxidized with dilute nitric acid, it gives ethylbenzoic acid :— 
C,H,Et, + 60 = C,H ,Et(COHo) + CO, + 20H. 


Diethy)]-benzol. Ethyl-benzoie acid 

Cymol from cumin oil and from camphor are isomeric. 

Methyl-xylol or trimethy]-benzol, C,H,Me,, is the cumol of 
tar. It boils at 165°-160°, and gives a compound with bromine 
fusing at 72°-73°. 

Ethyl-xylol, dimethy] ethy]-benzol, C,H,Me,Et, boils at 183° 
184°, and by oxidation gives acetic acid and an acid resembling 
terephthalic. 

Properties—These hydrides are distinguished from those of 
the radicals of the C,H,,,, series by being less indifferent to 
chemical agents. By treatment with strong nitric acid they 
yield nitro-compounds :— 


Thus Pentol, ©, H,, gives nitropentol, ©, H, (NYO,) ? 
» Benzol,C,H,, ,,  nitrobenzol, ©, H, (NYO,). 
» Toluol, ©, H,, ,, nitroteluol, ©, H, (N’O,). 
» Aylol, C,H,,, ,, nitroxylol, ©, H, (N‘O,). 
» Cumol, C,H,,, ,, nitrocumol, C, H,,(N‘O,). 
, Cymol, C,H, ,  nitrocymol, ©,,H,,(N‘O,). 


Under the influence of reducing agents, these nitro-compounds 
yield aniline and its homologues. 
Pure nitrotoluol is solid at ordinary temperatures. It boils 
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at 287°. By reduction it gives toluidine; and by. the action of 
potassic chromate and sulphuric acid, paranitrobenzoic acid or 
nitrodracylic acid is formed. 

So-called liquid nitrotoluol is a mixture of nitrobenzol and 
nitrotoluol. 


BENZOL, Benzene, Benzine, Phenylic Hydride, 
Bicarburet of Hydrogen. 
C,H, or Phif. 


HW 
| 


o— 
—, 
H—C C—H 
\ If 


——T 7 


| | 
H H 
Molecular wetght =78. Molecular volume [T). 1 litre of 


benzol-vapour weighs 39 criths. Fuses at 5°5. Boils at 
80°'5. 


Occurrence.—In Rangoon petroleum and in coal-tar. 
Preparation—1. By heating benzoic acid with excess of lime 
or baryta :-— 


| GOito + Cad = { ae + ©OQOCao". 


Benzoic acid. Lime. Benszol. Calcic carbonate. 


2. By heating the vapour of benzoic acid to redness, when 
it splits into benzol and carbonic anhydride :— 


C.H, 
{ GOH = ©O, + C,H, 
Benszoio acid. Carbonic 


anhydride. 
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8. By heating phthalic acid with lime :— 
C,H,O, + 2CaO = CT, + 200Cao”. 


Phthalic Lime. Benxol, Caleic 
acid, carbonate. 


4. By passing fats through red-hot tubes. 

5. By the destructive distillation of coal. 

6. In small quantity, when the vapour of acetic acid or of 
alcohol is passed through a red-hot tube. 


SUBSTITUTION DERIVATIVES OF BENZOL. 
I. Bromo-Compounds. 
MONOBROMBENZOL. 
C,H,Br. 
Boils at 150°. 
Preparation.—By acting with two atoms of bromine on boil- 
ing beuzol :— 
CH, + Br, = CH,Br + HBr. 


Benzol. Monobrombenzol Hydrobromio 
or pheny lic acid. 
bronuue. 
DIBROMBENZOL. 
C,H ,Br,. 


Fuses at §9°. oils at 219°. 
Preparation.— By treating monobrombenzol with excess of 
bromine. 


TRIBROMBENZOL HYDROBROMATE. 
C.H,Br,. 
Preparation.—By exposing a mixture of benzol and bromine 
to the action of sunlight. 
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TRIBROMBENZOL. 
C,H, Br,. 
Preparation —By boiling the previous compound with alco- 
holic potash. 
The following graphic formule show the probable atomic 


relations subsisting between benzol, tribrombenzol hydrobro- 
mate, and tribrombenzol :— 


H H 
| | 
C=C 
ao 
H—C C—H 
\ Jf 
C—C 
| | 
H H 
Benzol. 
H HH 
| | 
Br—C~—-C—Br 
HZ NOU 
Br/ : \Br 
H—C—C—H 
| | 
Br Br 
Tnbrombenzol hy drobromate. 
H Br 
| | 
C=C 
/ \ 
Br—C C—H 
\ 
C—C 
| | 
H Br 


Tribrombensol. 
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II. Chloro-compounds. 


Benzol forms three chloro- substitution compounds, similar 
to the bromo-compounds just described, 
State of Fuaing- Borling- 
aggregation, pomet, pont = 8p, gr. 


Monochlorbenzol .. ©,H,Cl, Liquid .. 136°. —~— 
Dichlorbenzol .. C,H,Cl,, Solid ... 89°. 
Trichlorbenzol .... C,H,Cl,, Oily 











210° 1457. 


Ill. Nitro-compounds. 
Two only have hitherto been produced :— 


Nitrobenzol CAH AN'O,) or N(C,H,)O.. 
Dinitrobenzol . C,UN'O,), or NC H,)’O,. 


NITROBENZOL. 
N(C,1f,)O, or NPhO,. 
Molecular weight =123. Molecular volume (L_)|. 1 litre of 
nitrobenzol vapour weighs G15 crithe. Fuses at 3°. 


Boils at 220°. 


Preparation.— By the action of nitric acid on benzol :— 
CH, + NOJHo = N(CH,)O, + OF, 


Benzol. Nitric acid. Nitrobenzol. Water. 


Reactions.—1. By the action of reducing or hydrogenating 
agents, as zinc and hydrochloric acid, sulphuretted hydrogen, 


acetic acid and iron, or potassic arsenite, nitrobenzol is con- 
verted into aniline :-— 


N(C,H,)O, + 38H, = N(C,H,)H, + 201, + 8, 
or C.H,(N'0,) + 38H, = C.H(N"'H,) + 20H, + 8,. 


Nitrobenzol. Salphuretted Aniline. Water, 
hydrogen. 


2. Nitrobenzol is also converted into aniline when its 
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vapour, mixed with hydrogen, is passed over spongy palla- 
dium :— 

N(C,H,)O, + 3H, = N(C,H,)H, + 208, 


Nitrobenzol. Aniline. Water. 


The relation between nitrobenzol and aniline will be seen in 
the following graphic formule -— 


Il H 
| 
C=C O 
/ x | 
WI—c C—N 
\ ZF | 
C—C O 
| | 
H H 


Nitrobenzol, 


HH 

| | 
Ole H 
So 
Hc = C=N 
\ 747 | 
Cc Cc i 

| | 

Il i 

Anithne. 


3. By the action of sodium amalgam and water, nitrobenzol 
is converted into azobenzol, and finally into 1) drazobenzid :— 


ON(CH)O, + H, =! Ni + 40H, 


Nitrobengol. Azobenszol. Water. 
, {RCH +n = (MCH)H 
N(CH,) , N(C.H,)H’ 


Azobenszo Hydrasobenzad. 
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DINITROBENZOL. 


N,(C,1,)"0,. 
Fuses below 100°. 


Preparation.— By treating nitrobenzol with a mixture of 
concentrated nitric and sulphuric acids. 

Reaction.—By the action of sulphuretted hydrogen, dinitro- 
benzol is converted into nitraniline :— 


NO, 
N(C,I,)"0, + 3S, = { cat” + 20H, + 8, 
Nil 


2 
Dantrobenszol. Sulphuretted Nitraniine. Water, 
hydrogen. 


Crass IT. 
IIYDRIDES OF NEGATIVE RADICALS. 


Only two of these are known :— 
Cyanic hydride or Hydrocyanic acid. 
Osatylic hydride or Formic acid. 
The first has already been considered (p. 27) ; and the second 
will be more convenicutly studied in connesion with the fatty 


acids (p. 121). 


CHAPTER VI. 
THE ALCOHOLS. 


Tax alcohols form one of the most important of the families of 
organic compounds. The simplest member of this family is 
methylic alcohol, which is derived from marsh-gas by the 
substitution of one semimolecule of hydroxyl for one of 
hydrogen. 

VOL, Il. z 
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CH... CH,Ho. 
H H 
( 
H—C—H H—C—O—II 
| | 
J il 
Marsh-gas. Methylic alcohol. 


The alcohols have been termed the hydrated oxides of the 
positive radicals ; but this is eroneous, as they do not contain 
water. Thcy may more correctly be defined as the compounds 
of hydroxyl! with the positive organic radicals, whence it follows 
that each serics of positive radicals forms a corresponding 
series of alcohols. The alcohols act upon and saturate acids, 
forming a family of compounds termed ethereal salts. The 
acidity or acid-saturating power of the alcohols depends upon 
the nuinber of semimolecules of hydroxy] which they contain : 
the monad radicals give monohydrie alcohols, or alcohols con- 
taining only one semimolecule of hydroxyl, the dyad radicals 
dibydric alcohols, &c. We have thus the annexed three prin- 
cipal subdivisions of the alcohol family. 


Monohydric. Dihydric Trihydric. 
Methyl or C,Ha4ilfo , Glycol or C,HsHo, | GlycerinorC,H»—1Ho, 
series. serics. series. 
Vinyl or C,H2,-1Ho | Orcin or C,H2,-sHo, | Pyrogalhe or C,Hoy~» 


series. series. To, series. 
Phenyl or C,,H2,-7Ho | 
series, i 
The following symbolic and graphic formule will exemplify 
the disposal of the bonds in these three subdivisions :— 


Monohydric Alcohols. 
Propylic alcohol. C(CH,)H, 
(Methyl Saat wt C,H Ho or {GH 
H H H 


i | | 

H—C—C—C—O—H 
| 1 | 
HHH 
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Allylic alcohol. C(Ci.)'T 
(Vinyl series.) } = C,1I,No or {Gu Ho | 


iB 


| 
ga cae ae 
HW H 


Benzoie alcohol. _ Cll, 
(Phenyl series ) = ,11,Ho or 1 Oil ile 


WoW 


| | 
C=C HH 


Dihydrie Alcohols. 
Propylenic alco- 


hol,orpropylic} 2 C,H, Ho, or oy 
glycol ieee sates we 


ij + If 
io et 


| 

0 j ik 
ae 

H i 
Trihydric Alcohols. 


CIL To 
Glycerin ....... ... = ©,H,Io, or4 CHilo. 


Cif Ho 
HW if 


| | 
weree 
‘ O : 
| 
HH H 
E2 
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MONOHYDRIC ALCOHOLS: 


Methyl or C,Hs,4:Ho series. 
These alcohols may be divided into three classes, viz. :— 


1. Monohydric normal alcohols 


” 


3. 


”? 


secondary ,, 


tertiary 


{¢ CC Hanes), 


CC. Hesas)H, 
Cc (C Hoes) H Ho’ 


C(C,, Ha.) H, 
C(C,,H.n41), Lo’ 


” 


In the gencral formula of the normal alcohols n may =0, 
and even the whole radical C(C,,H.,,,,)I1, may be replaced by 


hydrogen, as is the case in methylic alcohol. 


In the formule 


of the secondary and tertiary alcohols » may also =0, but m 
must always be a positive integer. 


NORMAL MONOHYDRIC ALCOHOLS. 


General formula 


The following is a 


Cc Cian )H, 
Cll Ho 


list of the members of this class :-— 


Fusing- Boiling- 





points. points. 

Methylic aloohol ..........::c.sscceaeceees {on Ilo 66"°5. 
2 
Ethylic alcohol ........seseccsseseeeeseee GIl"Io — 78-4. 
roby’ or tritylic al- { Sirte be {elit HY, eee 97° 
waGeiepeuecacpueds IHo CH,Ho 
Batylio or tetrylic al- { CEtH C\C,H,)H, r 
Coho] oa... eceseeeess. ie CH Ho ° r{ CH. Ho 1 a ae 

Yeobutylic alochol ...... { OMe on {S(cu,).t — 109°, 
ania role (SEE a (GUM ae 
Isamylic alcohol ......... {GH He or {onHe —20°, 129°. 
Peoudamylic alcohol . ~{GHie ry ors s(CH,)H _- gage, 
Caproylic or hexylic alcohol ............ Su e — 150°. 
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Fuang- Boiling- 
points, = pointe, 


CEnanthylic or heptylic aloohol......... Gili fo —— 170°, 
Caprylic or octylic alcohol ............... { Elio —— 190°, 
Nonylio aloohol ..sssssessssssessvssseesees { Git to — 200°, 
Decatylic alcohol....sesssssssseessssseseees (Gir, - —- 212°, 
Cetylic aloohol ...scseecscesssesee savene {Gli ito 0°, 
Corotio aloohol .......ssssseeseess coeee {Gti ib 77°, 
Melissio alcohol ..... .....scsscoseerssvees { Sits oH 


The lower members of the class are liquid, and the higher 
solid. They are produced in a varicty of operations, such as 
destructive distillation, fermentation, and animal secretion, but 
by reactions which cannot usually be traced. 


Relations of the normal C',H;,,:1H0 alcohols to the monad C,Hyay41 
radicals. 


1. The radicals C,H,,,,, which are combined with hydroxy] in 
the normal alcohols may be separated, by first converting the 
alcohol into an iodide (see p. 96), and subsequently acting on 
the iodide by zinc (see p. 11). 

2. The radical next lower in the series, than that contained in 
the alcohol, may be obtained by converting the alcohol into the 
corresponding fatty acid, and then submitting a salt of this acid 
to electrolysis (see p. 119). 

3. Inversely, the normal alcohols may be obtained by acting 
upon the normal radicals with chlorine under the influence 
of light, when one atom of hydrogen in the radical is dis- 
placed by chlorine. 

Thus in the case of methyl we have 


CH CH, | 
{Ge +o, = {Gq + HCl: 


Methyl. Chlorinated Hydrochloric 
methyl. acicl, 
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by-the action of potassic hydrate upon this chlorinated methyl, 
ethylic alcohol is formed, thus :— 


{ Gicy + KHo = {Gir + KCL. 


CH,Ho 
Chlorinated Potasaio Ethylic Potaasio 
methyl, hydrate. alcohol. chloride. 


This reaction requires further investigation (see p. 59). 


Relations of the normal C,,Hy,,,H0 alcohols to the dyad C,H,, 


radicals. 


1. The C,H,, radicals are obtained from the normal C,H;,.4,Ho 
alcohols by the abstraction of the elements of water :-— 


CH » {CH 
1 GHito - OH, = {CH 


Fie Water. Ethylene. 
aiconhoi. 

2. Inversely, the normal alcohols are obtained from these 
radicals by first uniting the latter with hydrochloric, hydro- 
bromic, or hydriodie acid, and then treating the product with 
potassic hydrate :— 


» { CH, _ jcn 

{ on + HG = | GH'cr 

Ethylene. Hydrochloric Ethylic 
acid. chloride. 


CH, CH, 
{ Gi'ct + KHo = { SHH + KCL. 


Ethylie Potassic Ethylic Potassio 
chloride. hydrate, alcohol. chloride. 


Or by uniting the dyad radicals with sulphuric acid, and 
distilling the product with water :— 
SO,Ho, + O©,H, = 8S0O,Ho(C,H,O): 


Salarie Ethylene. Sulphovinic acid. 
acid. 


S0,EtoHo + OH, = SOQ,Ho, + EtHo. 
suiphoras Water. Salpeene aces hy 
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Relations of the normal C,Ha4:H0 alcohols to the hydrides 
of the C,H41 radicals. 


1. When the alcohols are converted into iodides (see p. 96) 
and the latter digested with zinc and water at 100°, the corre- 
sponding hydrides are produced (sce p. 38). 

2. When the hydrides of the C,H.,4, radicals are acted 
upon by chlorine under the influence of light, they produce. 
the chlorides of the radicals, from which tho alcohols may be 
obtained by the action of potassic hydrato :— 


E+ Cl, = OE OF OC; 
Ethvhie Ethvlie Hydrachlo- 
hydride. chloride. riv acid. 
EtCl + KHo = EtiHo + KCI. 
Ethylic Potaame Ethy lie Potasao 
chloride. hydrate. aleohol. chloride 


The greater quantity of the chlorine compound so formed is 
isomeric with the chloride of the radical, and:possibly gives a 
corresponding isomeric alcohol. 


Relations of the C,Ws.4,Ho alcohols to the radical cyanogen. 
Ascent of the alcohol series. Mendius's reaction. 


By the dry distillation of potassic sulphovinato and its homo- 
lorues with potassic cyanide, the nitriles or abnormal cyanides 
of the radicals are produced :— 


SO,EtoKo + KCy = 80,Ko, + EtCy. 
Potaasic Potassic Potaaaic Ethylio 
sulphovinate. cyanide, sulphate. nitrile, 
By treatment with nascent hydrogen, this ethylic nitrile 
is converted into propylamine :— 


NC(CMeH,) + H, = N[C(CMcH,)H,]H, or NPriy,. 
Ethyli: nitrile. Propylamine. 


56 THE ALCOHOLS. 


By the action of nitrous anhydride, propylamine is trans- 
formed into isopropylic alcohol :— 


ZNPrH, + NO, = 26PrHo + OH, + 2N,. 


Pro jamune. Isopropyho Water. 
ss sangre: cohol 


It is obvious that by repeating these reactions on isopropylic 
alcohol, butylic alcohol would be obtained, the homologous 
series of alcohols being ascended one step at cach repetition of 
the process. But the alcohols are, if possible, secondary or 
tertiary. 


METHYLIC ALCOHOL, Wood Spirit, Pyroxylic Spirit. 
Cli Ho or Melo. 

Molecular weight =32. Molecular volume {JT}. 1 litre of 
methylic alcohol vapour weighs 16 criths. Sp. gr. 0°798. 
Boils at 66° 5. 

Preparation.—1. From marsh-gas, by the action of chlorino 
and subsequent treatment with potassic hydrate :— 
CH, + CL = CHM + HC; 


Marsh- Me thy ho Hy drochlo- 
chloride ric acid. 
CHC] + Kio = CHHo + KCL. 
Methrlio Potasare Niethslic Potassic 
chloride. hvdrate nicohol. chloride. 


2. From the essential oil of Gaultheria procumbens, by the 
action of potassic hydrate :— 


GH ,OMeoHo + KHo = C.IT,OHoKo + MeHo. 
ef Gaultherva 


pro- Potaeaic Pot tie salicylate. Methylio 
pee (Metho- hydrate. alcohol. 
salicylic acid.) 


3. By the destructive distillation of wood. 
Reactions.—1. Methylic alcohol unites with some salts in the 
capacity of water of crystallization, as, for instance,— 


CaCl, 2MeHo. 


2. By the action of potassium and sodium, methylates arc 
formed with elimination of hydrogen :— 
CH, Ko. CH,! Nao. 


Potassic 
t mettpiaie. 
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3. By oxidation it is transformed into formic acid :— 


Ht H 
| CH.Ho Oe | GOH + OH, 


Nethylio Formio acid. Water. 
cohol, 


4, When distilled with calcic chloro-hypochlorite (chloride of 
lime) and water, chloroform is produced. 
CaCl 
QO 
Cn” 
2CH,Ho + £Ca(OChCcl = 2CHC], + < O + 80OH,. 
Ca" 
QO 
| CaCl 


Mcthylio Calcie chloro- Chloroform, Calcic ory Water. 
alevlol. hypochlorite. chloride, 


ETHYLIC ALCOHOL, Alcohol, Spirit of Wine. 
as or EtI lo. 


Uolecular weight =16. Molecular volume (7). 1 litre of 
ethylic alcohol vapour weighs 23 criths. Sp. gr. 0792 at 
20°. Boils at 78°°4. 

Preparation.—1. From ethylene (p. 54). 
2. By the fermentation of grape-sugar with ycast at a tempe- 
rature of about 22° :— 
C,H,,0, = 2C,H,Ho + 2C0.. 


Grape-sugar. Ethylie Carbonic 
alychol. anhydride. 


At the same time, however, other products are formed, but 
in very small quantities. 
Reactions.—1. Treated with potassium or sodium, alcohol 
forms ethylates :— 
f CH, { CH, 
| CH,Ko’ CH,Nao’ 
Potaesic Sodic ethylate. 


58 THE ALCOHOLS. 


2. When passed through a red-hot tube, alcohol is decom- 
posed into marsh-gas, hydrogen, and carbonic oxide :— 
C.H,Ho = CH, + H, + CO. 


Ethylic Marsh- Carbonio 
alcvhol. gas. oxide. 


Small quantities of cthylene, benzol, and naphthalin are 
simultaneously produced, whilst carbon is deposited. 

3. By oxidation, ethylic alcohol is converted first into alde- 
hyde, and then into acetic acid :— 


CH, _ CH, 

| GH Ho + O = jcon + OF 
Revie Aldehyde. Water. 
CH, _ (CH, 

{col + 9 = | colte 
Aldehyde. Acetic acid, 


4. Distilled with chloride of lime, ethylic alcohol produces 
chloroform. 
Alcoholates arc salts containing alcohol in the place of water 


of crystallization ; they are mostly decomposed immediately by 
water, 


The following are known :— 


2u(1,, 2C,H,Ho. 
CaCl,, 4C.H, Ho. 
NO Mgo” GCI, To. 


5. Treated with chlorine as long as hydrochloric acid is 
evolved, it is transformed into ethylic chloride and chloral 
hydrate (the aldehyde of trichloracetic acid) :— 


CH 4 — fect, CH, 
2 CH Ho + 41, = { Giilto, + { GHC! + 4HCl. 
Ethylic alcohol. Chloral hydrate. brome 


MERCAPTAN. 59 


MERCAPTAN, Sulphur Alcohol, Ethylic sulphhydrate, 
Hydrosulphate of Ethyl. 


{| G's or EtHs. 

Molecular weight =62, Molecular volume (T]. 1 litre of 
mercaptan vapour weighs 81 crithe. Sp. gr. of liquid 
0835. Boils at 63°. 

Preparation.— By distilling potassic sulphovinate with po- 
tassic sulphhydrate :— 
SO.EtokKo + KHse = Etlls + S80O,Ko, 


Potasaic Potaasic Mercaptan. Potanaie 
sulphovinate. sulphhydrate. sulphate, 


Reactions.—1. By the action of potassium and sodium on 
mercaptan, an atom of hydrogen is displaced by the metal, pro- 
ducing mercaptides :— 


f OI, jCn, 
| CH,Ks’ | Cll Nas’ 
Potaasic Bodie 
mercaptide. mercaptide 


2. Mercaptan acts upon mercuric oxide with great energy, & 
white crystalline mercuric mercaptide being formed :— 


CH ie 
x | age | H, a4 " 
2| SIL s + HgO = | Oyles” + OU, 
CH, 
Mercaptan Mercuric Mercurie Water, 
oxide, mereaptide, 


Propylic alcohol, { CHie is obtained from the fusel oil 


of the mare brandy of the south of France. 

Butylic alcohol, { GH tio is contained in the fusel oil pro- 
duced in the preparation of spirit from the molasses of beet- 
root sugar. SButylic alcohol of the furm { CH Hs is obtained, 


from butylic acid by Piria and Wurtz's reactions, described at 
p. 120. 
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Amylie aleohol, { On pH is the chief constituent of the 
fusel oil obtained in the ‘manifacture of alcohol from potatoes 
or grain. Two other normal, isomeric amylic alcohols are 
given in the Table at p. 52. 

As far as these alcohols have been studied, they resemble, in 
their chemical relations, the two previously described. 


SECONDARY: MONOHYDRIC ALCOHOLS. 
C(C Hany: )H, 
C(C,,He,41) HHo’ 


The secondary alcohols differ from the normal in yielding, 
by oxidation, ketones instead of acids. 
Seven secondary alcohols are at present known :— 


General formula... { 


Boiling- 
Isopropylic alechol or dime- { CH, a 
thyl carbinol ... 0.00.0... | CMellfo 
Mothylethy] carbinol ... or Swit Soccanueaies 97. 
Methyl ee ( CHT,’ a 
ethylpropy! carbinol ... .. | CPrilHo 122. 
Mothylisopropy! carbinol ... { a ai aera anes 106. 
Pseudohexylic alcohol or me- | CPrH,  —_. 136. 
thylbutyl carbinol ......... CMeHHo “""" 
Methylhexy] carbinol ......... i Vac “HL,.)HHo 77°" 184. 
Methylnonyl carbinol ...... {ou Cc (C H,.)HHo “""" 229. 
aon 19 


The first is obtained by the action of nascent hydrogen on 
acetone :— 


CH, _. { CH, 
| Coie + H. = | omMeHHo 


Acctore, Ieopropylic alcohol. 


ISOPROPYLIC ALCUHUL. 6) 


The relation existing between ethylic alcohol, propylic 
alcohol, and isopropylic alcohol, will a. once bo evident from 
the following formula :— 


CH, C(CH,)H, CH, 
CH.Ho’ CH,Ho ° C(CH,)HHo" 
Ethylic alcohol. Propylie alcohol. Teoprapylic alcohol. 


From these formulm it is scon that propylic alcohol is ethylic 
alcohol in which one atom of hydrogen in the methyl (or non- 
oxygenated part of the compound) is displaced by methyl; 
whereas isopropylic alcohol is ethylic alcohol in which one atom 
of hydrogen in the orygenated part of the compound is dis- 
placed by methyl. 


Ethylic alcohol boils at ... 78°4 
Propylic aleohol = ,, ... 97 
Isopropylicalcohol,,  ... 8 

Thus, by substituting an atom of methyl for one of hydro- 
gen in the non-oxygenated part of the alcohol, the addition of 
CH, raises the boiling-point 18°6; whilst, if an atom of hy- 
drogen in the oxygenated part be similarly displaced, the samo 
addition only raises the boiling-point 5°°G. 

Isopropylic alcohol yields by oxidation a ketone, and not an 
acid. The radical oxatyl being a necessary constituent in 
organic acids, it will be scen from the following equations that, 
although propylic alcohol can be converted into an acid without 
the disruption of its carbon atoms, isopropylic alcohol cannot 
be so transformed :— 


CH, Cll 
| Git Ho = oS { COMo + Ol, 


Ethylic alcohol. Acetic acid. Water. 
H HH: oO 
| | | | 
H—c— —C—H H—cC— —C 
| | | 
if QO if QO 


| | 
if if 
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O(CH,)H, _ §C(CH,)H, 
{on 1,0; = | CoH + OH. 


Propylic alcohol. Propionio acid. Water. 
1 : i : H H : H: O 
i fF | : 
Bb 6d 1 ne 
on" Lee a 
1 ti H , \ 
H H 
CH, _ (OH, 
{ OCI ELHTo 7 Oe oe | Goren, + Ol, 
Iso opus Acetone. Water. 
4 Ho: H H H 
hae 
W—c —- —C— —C—H eae 
l : | | of 
] O H H OH 
| 
If 


TERTIARY MONOHYDRIC ALCOHOLS. 
f C(CH3.41) I ‘ 


General formula...... | O(C.H,.4,),Ho 

The following members of this serics are known :— petites 
Peeudobutylic alcohol or OMe Ho cocccccccccscseee oe 

trimethyl carbinol ...... 
Dimethylethy] carbinol... CEtMe,Ho ............... 100°. 
Dimethylpropy! carbinol CPrMe,Ho ............... 120°. 
Dimethylisopropy] carbinol CfPrMc,Ho ............ 112°, 
Methyldiethy] carbinol ... CEt,MeHo ............... 115°. 
Triethy] carbinol ......... OE HO! siscissastsdvasnns 141°. 
Diethylpropy! carbinol ... CPrEtHo ............0.. 





Peeudobutytice alcohol, | Cite Ho’ exists in small quantities 
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in butylic alcohol obtained by fermentation ; it has alao been 
produced by acting with zincic methide on acetylic chloride, 
and submitting the product thus obtained to the action of 
water :— 


CH, .. _ sen, 
{ coc + 24nMe, = | GM>,(Zn"Me0) eee 


Acetylic Zincic Zineie chlor- 
chloride. methide. methide. 
Cll t 9 oO CIT 
. t ons H = ‘ 
{ CMe,(Zn"MeO) : CMe, Ho 
Water. Pseudobutylic 
alcohol. 


+ CH, + Zallo,. 


Methyhe Zincie 
hydnde. hydrate. 
M 
— I 
ag Il 
| | CH 
a aa ie ca OE C(CH,),Ho’ 
H 7 iL 
H 
Pseudobutylic alcohol. 


CHAPTER VII. 


MONOHYDRIOC ALCOHOLS: 
Vinyl or C,H,,,.1Ho series. 
Two alcohols only of this series are known ; of these the first 
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is a secondary, and the second a normal alcohol : 


Vinylic alcohol...” ae 9 oF CMe"HHo. 
Allylic alcohol... {ine 


CH,Ho’ 
It 
| 
H—C=C—O—H II—C= ae 
| | | | 
H if Wf HeM 
Vinylic alcohol. Al'ylie alcohol. 


VINYLIC ALCOHOL. 
: CH, » 
CHHo 
Preparation —By combining acetylene with sulphuric acid 
and distilling the product with water, in the same manner as in 
the preparation of ethylic alcohol from ethylene (p. 54) :— 
SO,Ho, + C.H, = S80,(C,H,0)Ho. 


Sulphuric Acetylene. Bulphovinylic acid. 
acid. 


80,(C.H,0O)Ho + ON, = SO,Ho, + CMe"HHo. 
Bulphovinylic acid. Water. Shiphare Siavhie 


This alcohol is isomeric with aldehyde and with ethylenic 
oxide :— 


ty Cir, CH, CH 2 O 
CHHo Coil cH,” 
Vin Mi . Aldehyde. oo 


a 


If the above, and not nA Ho’ be th 


vinylic alcohol from acetylene, it is obvious that this body could 
not yield an acid by oxidation; but if the latter formula repre- 
sonts it, this alcohol is normal and ougat to yield on oxidation 


an acid, { ee 0 homologous with acrylic acid. 


REACTIONS OF ALLYLIC ALCOHOL. GS 


ALLYLIC ALCOHOL. 


{ oa or All Ho. 


Boils at 96°°5. Sp. gr. of liquid at 0°=0°8709. 


Preparation.— Glycerin, when submitted to the action of di- 
phosphorous tetriodide, yields allylic iodide :— 


CH, Ho CH, 
'P" lL + 2 CHHo = 2 ton + 2POHNHo, + T.. 
| CHL To }CH I 
Diphosphorous Glycerin. Allyho Phosphorous 
tetriodide. rodide. auid, 


The allylic iodide is then decomposed by argentic oxalate, 
when allylic oxalate is formed :— 


COAco COAllo + Agi. 
Allyho Argentic Allylio Argentic 
iodide, oxalate. oxalate. rudide. 


The allylic oxalate is next decomposed by ammonia, when 
oxamide and allylic alcohol are produced :— 


| GOA + 2NH, = | Gown’) + 2AllIfo. 
au - Ammonia. Oxamide. ae 


Reactions.—1. In all ordinary reactions, allylic alcohol 
behaves like ethylic alcohol. By oxidation it gives acrylic acid: — 


| GHite + 0, = { Solis 


CH,Ho CoHo + O!L. 
slechel. sit fg meee 


2. With phosphoric anhydride it yields allylene :— 


H 
[ SCI, 
H—C—C=C—ll = iC 
"1 CH 

I 
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Among the ethereal salts of allylic alcohol, the sulphide and 
sulphocyanate occur in nature as garlic and mustard oils :-— 


CH se CMe"H 
5" CH, 
CH “ N "” 
are cs 
Avie. CM Ay ae 
(Garlic oil.) vat ustard oil.) 


CHAPTER VIII. 
MONOHYDRIC ALCOHOLS: 


Pheny] or C,,H;,,_; series. 


These alcohols may be divided into a normal and a tertiary 
class. Tle members of the first class possess the general 
character of the normal alcohols of the ethy] series, while those 
of the second class oxhibit a slightly acid character. 


® 


Crass I. Normal Alcohols. 


General formula......... ses { OH tk: 
Benzylic alcohol® ......... { oni 0° 


ab L bon 


n—O_O_H k 
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Xylylie alcohol .........00 { Ole 


,Ho ° 
Cumylic alcohol ............ { Git Ho 
Sycocerylic alcohol ......... { ot fo" 


Crass II. Tertiary Alcohols. 


General formula............ C,H, -, Ho. 
Phenylic alcohol. Carbo- 

NG ACI? ycissbaavvadenkcae C,H ,Ho. 
Cresylic alcohol ... ..... .. C,Mel1, lo. 
Phlorol.................::: O,EtIl Ho. 


Dimethyl-phenylic alcohol C,Me,H,Ho. 
Thymylic alcohol............ C,Et,H,Ho ? 


Crass Il. NORMAL ALCOHOLS. 


BENZYLIC ALCOHOL. 


{ CH, 
CH, Ho ° 
Boils at 204°. 


Preparation.—1. By treating oil of bitter almonds with alco- 
holic potash :— 


C,H CH, O,11 
2{ Coit + Elo = { Off Ho + { otto" 





Benzoic aldehyde. Potaasic Benzylic alcohol. Potasaic 
(Oil of bitter hydrate. benzost. 
* H—C=-C—H 


*% 


né G-o-n 


n—b_t_n 
¥2 


68 THE ALCOHOLS, 


2. Benzylic alcohol may be obtained from toluol by first 
converting the latter into toluylic chloride by the action of 
chlorine— 

C,H C.H . 
{ein + Ch = {oints + Hcl 
Toluol. Toluyho chloride. Hydrochloric 
(Toluylie hydride.) acid. 
and then submitting the toluylic chloride to ‘the action of po- 
tassic hydrate :— 


CH, + . fox 
Toluvheo Pot wsie Benszylio Potassic 
chloride. hydrate. alcohol. chloride. 


8. By digesting benzylic chloride with freshly precipitated 
plumbic hydrate :— 


C.H CH 
2 { CHCl + Pbilo, = PbCl, + 2 { CH. Ho’ 
Toluylic or Plumhic Plumbic Benzylic alcohol. 


Benzylic chloride. hydrate. chloride. 


4. By passing a mixture of hydrogen and the vapour of ben- 
zoylic chloride over heated spongy palladium :— 


{eo + ML = {eit + HCl 
Benaoylic chlor-de. Benzylic alcohol. 


Cuass Il. TERTIARY ALCOHOLS. 


PHENYLIC ALCOHOL, Carbolic Acid, Phenylic Acid. 


C.H,Ho or PhHo. 


Molecular weight 91. Molecular volume (LJ. 1 litre of 
phenylic alcohol vapour weighs 47 criths. Sp. gr. 1-065 at 
18°. Fuses at 34°. Boile at 188°. 


Occwrrence.—In coal-tar, and in small quantity in the urine 
of man, of the cow, and of the horse. 
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Preparation.—1. By the distillation of salicylic acid with 
baryta or lime :— 


C.HH 

{cole = CHHo + CO, 
Balicylio Phenylio Carbonio 
acid, alovhol, anhydride, 


2. It is also produced in the destructive distillation of nume- 
rous organic substances. 

3. Phenylic alcohol is formed when the vapour of ethylic 
alcohol or acetic acid is passed through a red-hot tube. In this 
manner phenylic compounds may be obtained from their ele- 
ments ; for both acetic acid and alcohol may be built up from 
carbon, hydrogen, and oxygen. 

4, Phenylic alcohol is generated when aniline hydrochlorate 
is treated with potassic nitrite :— 

NPhH,C] + NOKo = PhHo + KC] + OW, + N,. 


Aniline Potassio Phenylio Potanaio Water. 
hydrochlorate. nitrite. alcvhol. chloride. 

Reactions.—Treated with chlorine, bromine, or nitric acid, 
phenylic alcohol produces a series of substitution products, of 
which the following are examples :— 


Dichlorphenylic acid............ C,H,Cl,Ho. 
Trichlorphenylic acid............ C,H, Cl, Ho. 
Perchlorphenylic acid ......... C,Cl, Ho. 

Bromphenylic acid............... C11, Bro. 


Nitrophenylic acid............... O,H(N*°O,)Ho. 
Dinitrophenyliec acid............ O,H,(N’O,),Ho. 


De ei C,H, (N'O,),Ho. 


Amidodinitrophenylic acid. 
(Picramic acid.)....00-sessc00 C,U(N'"H,)(N'0,),Ho. 
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CRESYLIC ALCOHOL. 


C,MeH,Ho. 
Boils at 204°, 


This alcohol is contained in creosote; it is isomeric with 
benzylic alcohol. 


CHAPTER IX. 


DIHYDRIC ALCOHOLS. 


Glycol or C,,H;,Ho, series. 


The following is a list of the glycols at present known, with 
their probable constitutional formulee :-— 


Giyeol or bye | 4,0, or { SHES re ie 
glycol ......... ee Cil,Ho 
~ Propylic glycol... C,H,O, or 1 Gi ee 188°-189°, 
Butylic glycol .... C,H,,0, or {\GHHe 188°-184?, 
Amylic glycol .... C,H,,O, or {CHE 177°. 


Methylic glycol has not been obtained. 


The existence of normal, secondary, &c. alcohols of this sub- 
division has not yet been clearly established ; but ethylic glycol 
is probably a normal glycol, whilst propylic, butylic, and amylic 
glycols are generally considered to be secondary glycols, as 
shown in the above formule. 

It will be observed that the boiling-points of the glycols 
differ from each other in a direction inversely to that previously 
noticed in the case of the normal monohydric alcohols: the 
more complex substances boil at a lower temperature than 
the simpler ones. 
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GLYCOL. ETHYLIC GLYCOL, Ethylenic Alcohol. 


CH,Ho 
CH, Ho’ 
Molecular weight =G62. Molecular volume (7). 1 litre of 
ethylic glycol vapour weighs 31 criths. Sp. gr. 1125. 
Boils at 197° 5. 


Preparation.—Ethylenic dibromide is treated with argentic 
acetate, and thus converted into ethylenic diacetate :— 


CH,Br _ f CIL,-0-CMcO 
{ CH Br + 2OMeOAgo = { CH..0-CMco + 2AgBr. 
Ethylento Argentic acetate. Ethylenw diacetate. Argentto 
dibremide. (Diacetic glycol ) bromide. 

The ethylenic diacetate is now acted upon by potassic hydrate, 


and yields potassic acetate and glycol :— 


{| GH! O-CMc0 + 2KHo = { Gitte 4 26MeOKo. 
Ethylenic diacetate. Potaaaic G! pei: Potassic acetate. 


hydrate. 
Reactions.—1. Glycol is easily oxidized, the first product of 
ite oxidation being glycollic acid :-— 
CH,Ho CH, Ho 
| GH'HS 7 Oe = { COlio + OL. 


Glycol. Glycallic Water 
acid 


2. By further oxidation oxalic acid is formed :— 


{Guus + % = {Gono + 20H, 
Oralic Water. 


Glycol. 
" acid 


8. Potassic oxalate is produced by heating glycol and po- 
tassic hydrate together to 250° :— 
{ OHs + 2KHo = { Goxe + H,. 


Glycol. Potassic Potassic 
hydrate. oxalate. 
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4. Treated with potassium or sodium, the hydrogen of the 
hydroxy] in glycol is replaced in two successive stages :— 


CH,Nao | 
CH,Ho ’ 
Monosodic glyool. 


{ CH. Nao 
CH,Nao* 
Disodic glycol, 


The following list contains some of the principal derivatives 


of glycol :— 
{ CH,Ho 


CH. ,Ho° 
Glycol. 


CH, To 

CH. Cl ° 

Chlorhydrie 
glycol. 


CH Eto , 
CH, Br 

Bromethylic 
glycol. 


CHFto 
CHEto’ 


Diethylio 
glye 


Cli, Ho 
CH. 
O 


co 
CH, 


or| CH, Ho 


Menacctio 
glycol. 


CH '-O-CMcO- 


CH,Hs 
CH, Hs ° 
Sulphur glycol. 


CH,Ho 
CH,Br 
Bromhydric 
giycol. 


CH,Eto 
CH. lo * 
y yaric e onesie 
glycol. 


CH Br 


OH, { GIL Bs 
Go ©” | CH.-0-CMcO: 
(CH, 


Glvoollic 
acctobrumide. 


(CH, 


co 
CH CH,-0-CMeO 
-Y-. © 
| OH en { CH.-0-CMc0- 


co 
\ CH, 


Diacetic glycol, 


POLYETHYLENIC GLYCOLS. 


CH, 
co 


O 
CH, ,. io 
OH, CH,-0-GPr0 ' 


co 
: (CH) He io glycol, 


POLYETHYLENIC GLYCOLS, 
Polyethylente Alcohols. 


These bodies are produced by heating cthylenic oxide with 
glycol in sealed tubes, and by other processes. They may be 
regarded as formed by the addition of cthylenic oxide to 


glycol. 
Gio (CH Ho 
H 
Diethylenic glycol ...< Cu, or WN : 
CHL Ho Cll Ilo 
( CH, Ho 
' CH. ( CHHo 
CH. cul, 
is ee O O 
riethylenic glycol...< ery or 1 GH 
CH, ee 
O \ Clo 
\ CH, Ho 
CH, Ho 
a CII,Ho 
a CH, 
CH | 
a CI 
Tetrethylenic glycol < CH, or < 0’ ‘ 
O 
CII, ult, 
a CH,Ho 
CH,Ho 


Pentethylenic and hexethylenic glycols havo also been 


formed. 
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CHAPTER X. 
DIHYDRIC ALCOHOLS. 
Orcin or C,H,,_,Ho, series. 


Liko the phenyl series, the orcin series of alcohols are the 
derivatives of benzol. The following alcohols belonging to this 
series have been described :— 


mean: 
point. 
Hydroquinone 177°°5 
Resorcin CO. Ho. caieacsce: 99°-0 
Pyrocatechin or Oxyphenol 111°5 
Orcin 86°'0 
Fea easeiealle } C,MeH,Ho, 2.00... { 
Betaorcin C.Me,H,Ho, ........ —— 


Theory indicates the existence of four isomeric bodies of the 
formula C,H,Ho,, the graphic formula of which are thus 
written :— 


(1) (2) 
H—0O--c=C—O—lI a . we 
H—c ae H—C C—H 
ll ll || 
H—C—C—H HW—O—C—C—O—II 
(3) (4) 
H—C=C—H H—O-— ai 
ot ee ud C—O—H 
| l 
H—C—C—H H—C—C—H 


The isomerism of 1, 3, and 4, and of 2, 3, and 4 is caused 
(symbolically speaking) by the different distances from each 
other of the two atoms of carbon with which the two semi- 
molecules of hydroxyl are combined; in 1 and 2 these carbon 
atoms are neighbours, in 4 they are separated by one inter- 
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vening atom of carbon, and in 8 by two intervening atoms of 
carbon. The isomerism of Nos. 1 and 2 is not equally obvious ; 
indeed it has been overlooked by Kekul¢, who considers that 
three modifications only of the formula C,1HHo, are possible, 
unless the six atoms of hydrogen in benzol be not regarded as 
of equal value. An inspection of the above graphic formule 
shows, however, that a fourth modification is possible, depend- 
ent upon the mode in which the two neighbouring atoms of 
hydroxylic carbon are joined together. In No. 1 these atoms 
are united by two bonds, in No. 2 by only ono bond. 

It is at present impossible to assign to each of the three 
known isomers of C,H,Ho, its own constitutional formula. 
The samo is the case also with the remaining alcohols of this 
series, 


HYDROQUINONE. 
C,H, Ho,. 
Preparation.—1. By treating arbutin with omulsin, or by 
boiling it with dilute sulphuric acid :— 
C,.H,0, + OH, = ©, Ho, + C,H,,0,. 


Arbutin. Hydroquinono. Glucose. 


2. By the action of sulphurous acid upon a solution of 
quinone. 
8. By the destructive distillation of quinic acid. 
Reactions.—1. Passed in vapour through a red-hot tube, it 
is decomposed into quinone and hydrogen :— 
C.HHo, = CH} + H, 
Hydroquinone. Quinone. 


2. By many oxidizing agents it is transformed into quinone:— 


C.H.Ho, + O = C,H. } + OH, 
Hydroquinone. Quinone, 
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3. By the action of chlorine or a mixture of potassic chlorate 
and hydrochloric acid, it is converted into perchloro-quinone 
(chloranil) :— 


C.HHo, + 380, = 0.01.6 } + 6HCl. 
Hydroquinone. Chioranil. 


ORCIN. 
C,MeH,Ho.. 
Melts at 86°. Boils at about 290°. 


Occurrence.—In certain lichens, such as Lecanora tartarea, 
Roccella tinctoria, and Variolaria orcina. 

Preparation.—By the dry distillation of orsellinic acid, or 
by boiling this acid with powerful bases :— 

C,H,O, = ©,MeH,Ho, + ©O,. 
Orsellinio acid. Orcin. 

Many other bodics which are obtained from lichens, such as 
lecanoric acid, erythrin, and picroerythrin, yield orcin under 
similar treatment ; but all these compounds give first orsellinic 
acid, which then breaks up into orcin and carbonic anhydride ; 
thus :— 

C,.H,,0, + OH, = 2C,H,0,. 


Lecanoric acid. Orsellinic acid. 

C,,H,,0,, + 20H, = c HO, + 2C,H,0,. 
Erythric acid, Oreellinic acid. 
C,H,0, + OH, = CH.O, + O,H,O, 
Picroerythrin, Erythrite. Orsellinic acid. 


Reactions.—1. With chlorine, bromine, iodine, and nitric 
acid, orcin gives the following substitution products :— 


— 
spa 
Monobromorcin ......... C,MeH,BrHo.......... 185° 
Tribromorcin ............ ©,MeBr,Ho, ......... 108° 
Trichlororcin ............ ©,MeCl,Ho,............ 159° 


Trijodorcin ............... C,Mel,Ho, ............ 
Trinitro-orcinic acid ... C,Me(NO,),Ho, ...... 162° 
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2. By treatment with ammonia in the presence of free 
oxygen it yields orcein, the colouring-matter of Archil and 
Cudbear, the reaction being probably the following :— 


C,MeH,Ho, + NH, + 0, = C,MeH,(N0,)Ho? + 20II,, 
Orcin. 


Oroein, 


8. Heated with an excess of concentrated sulphuric acid to 
a temperature of from 60° to 80°, orcin yields orcin-disulphuric 
acid (dihydric orcinic disulphate) :— 


280,Ho, + ©,McH,Io, = 594 ucH.0,)" + 20H,. 


= 80,Ho 
8ulphurio Oroin. Dihydric orcinio 
acid. ulphate. 


CHAPTER XI. 


TRIHNYDRIC ALCOHOLS. 


Glycerin or C,,H,,,-, Io, serics. 


These alcohols contain three semimolecules of hydroxyl 
united with three different atoms of carbon ; consequently the 
lowest term of the series contains three atoms of carbon. 

Only two of these alcohols have been hitherto obtained :— 


it It 
e Sl ie ttt 
lyCerin ......00 HHo. 
% CH,Ho i é O 


| J 
it H If 
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H 
n_6-# 
Amylglycerin { Seo ? H Ht 
ee”) OT Ho wh bg 


6 6 6 
koe & 


The constitution of amylglycerin is not at present established. 
Its formula may possibly be 


CEtHHo 
CHHo 
CH Ho 


The action of oxidizing agents on amylglycerin will pro- 
bably throw light upon its internal structure. 


GLYCERIN. 


Cil,Ho 
CH Ho. 
CH,Ho 


Sp. gr. of liquid at 15°4 i¢ 1:26. Crystallizes at low tempera- 
tures, and remains solid afterwards at ordinary temperaturcs. 
Boile in vacuo at 179° 5, 


Sourcee. — Most animal and vegetable fats consist of mixturcs 
of the glycerin ethereal salts of the fatty, and of the oleic, se- 
ries of acids. Glycerin is liberated from these by water at high 
temperatures, or by bases giving salts insoluble in water :— 


CH,-0-O(C,,H,,)O 
{gx -O- Ce ot aaa { sate +8 {¢ a} ie 
i qc nl 38 CH,H 


Water. Glycerin. 
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Relation of Glycerin to Isopropylie Alcohol. 


By the action of hydriodic acid, glycerin is converted into 
isopropylic iodide :— 


CH.Ho CH 
CHHo + sHI = icHi + 21, + 30H, 
CH.Ho H, 

Glyoerin. By conic Temaopy ie Water, 


Relation of Glycerin to Allylic Alcohol. 


When dipbhosphorous tetriodide is brought into contact 
with glycerin, an energetic reaction ensues, allylic iodide being 
formed :— 


CH,IHo ACK, 
'P'l, + 24CHHo = 2° ICH + 2POMHo, + J, 


CH Ho {CILI 
Diphosphorous Glyoerin. Ally lic Phosphorous 
tetriodide. sodide. acid. 


Relations of Glycerin to Propylic Glycol. 


The several semimolecules of hydroxyl in glycerin are 
capable of being replaced by chlorine, bromine, &c.; thus, 
by the action of hydrochloric acid on glycerin, one semimole- 
cule of hydroxyl is displaced by chlorine, monochlorhydrin 
being formed :— 


CH,Io CIL,C! 

CHHo + HCl = iCHHo + OH, 

CH, Ho CH, Ho 

Glycerin. Hydrochloric Monochlor- Water. 
acid. hydrin. 


Monochlorhydrin is identical with monochlorinated propylic 
glycol :-— 


CHCl 
4 C(CH,Cl)HHo 
CHHo = s : 
| Suh {oi 
Mozochlorhydrin. Monochlorinated 


propylic glycol. 
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By the action of sodium amalgam and water, monochlorinated 
propylic glycol is readily converted into propylic glycol :— 


C(CH,Cl)HHo C(CH,)HHo 

{CiH® +H, = { CH,Ho + HCL 
Monochlorinated Propylio Hydrochloric 
propylic glycol. glycol. acid. 


Relations of Glycerin to the Trihydric Acids—Glyceric Acid 
and Tartronic Acid. 


By the slow action of nitric acid, glycerin is converted into 
glyceric acid :— 


CILIo CII,Ho 
CliHo + O, = {CHHo + OIt,. 
CH,Ho COHo 

Glycerin. eens Water. 


A second semimolecule of oxatyl has not been produced in 
glycerin, so as to convert the latter into a dibasic acid; but 
there can be little doubt that tartronic acid, which is formed 
by the spontaneous decomposition of nitrotartaric acid, is the 
acid in question, and that it has tho following constitution :— 


COHo 
CH Ho. 
COHo 


Tartronic acid. 


Relations of Glycerin to Acrylic Acid. 


By the action of substances having an affinity for water, 
‘such as phosphoric anhydride or sulphuric acid, glycerin is con- 
verted into acrolein :-— 


CH Ho , 
7 CMe"H 
CHHo = 20H, + { ‘ 
{ Sli CoH 


Glycerin, Water. Acrolein. 
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Bg the absorption of oxygen, acrolein is transformed into 
acrylic acid :— 


COH COHo ° 


Acrolein. Acrylic avid. 


{Son +0 = {Soste 


Both these reactions are accomplished simultaneously when 
glycerin is added to fused potassic hydrate :— 


CH,Ho " 
| Sti de elo: 1 {Gok Hos om, + 20m1, 


Cc HH 0 Co) Ko 
Glycerin. Potassic Potassic Water. 
hydrate. acrylate. 


CHAPTER XII. 


TRIHYDRIC ALCOHOLS. 
Pyrogallic or C,H,,-,1H0, serics. 


Like the phenyl and orcin series, these alcohols are the direct 
derivatives of benzol. 

The following bodies are believed to belong to this series, 
whilst several other compounds not yet sufficiently known will 
probably soon be added to it :— 


Melting-point. 
Pyrogallin ............ 115°. 
Phloroglucin ......... |o.H.Ho setae 220°, 
Phenomalic acid ? ... oe 
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Theory points to four isomeric modifications of the formula 
C,H,Ho,, viz. :— 


H—C-- C—O—H ae ae ain 
Hd bon H—C C—O—H 
fl tl 
H—C—C—O—li H—O—C—C—H 
u—C=C—O—Il H—O—C=C—O—Il 
not dn nt don 
ill ( | 
H—C—C—O—l H—C—C—O—H 


It is at present impossible to assign any of these formule to 
the above cnumerated three members of this series of alcohols. 


PYROGALLIN, Pyrogallic Acid. 
CULL Ho,. 
Melts at 115°. Sublimes with partial decomposition at 210°. 


Preparation—1. By heating gallic acid to 210°-220° in a 
stream of carbonic anhydride :— 


~ Gallic acid. Pyrogallin. 


2. By heating gallic acid with twice or thrice its weight of 
water to 200°-210° for half on hour in a Papin’s digester. 
The reaction is the same as in No. 1. 

Reactions.—1. Docs not neutralize alkalies or form true salts. 

2. Passed over heated zinc, it is transformed into benzol :— 


C.H,Ho, + 32Zn = CO.H, + 3820. 
Pyrogallin, Bensol. 
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8. Bromine converts pyrogallin into tribromopyrogallin :— 


C.H,Ho, + 3Br, = C,BrHo, + 3IIBr. 
Pyrogallin. Relbro bare: 
g n. 


4. Heated to 250°, it yiclds water and metagallic acid :— 


CHo, = CHOHo + OH, 
Pyrogallin. My tepalie 


&. Ammonia in the presence of air forms with it pyrogallein, 
to which the formula C,,11,,N,O,, has been assigned. 

6. Concentrated boiling solution of caustic potash decom- 
poses it intu acctic, oxalic, and carbonic acids. 

7. An alkaline solution of pyrogallin rapidly absorbs free 
oxygen, forming a dark-coloured body, together with acctic and 
carbonic acids and a small quantity of carbonic oxide. 


OTHER POLYVHUYDRIC ALCOMOLS. 


Erythrite (Erythroyglucin, Erythromannite, Phycite, Peeudor- 
cin) is atctrahydric alcohol ; and the acid corresponding to it is 
tartaric acid. Citric acid may also be considered as derived 
from an unknown alcohol of this series. A glance at the for- 
mulg of these alcohols and acids will show their relations :— 


CH,Ho (COMO {gies {sin 


CHHo JCHIo f ) QiicH Ho) CH (COHo) 


CHHo’* |} CHIlo’ : 
CH.Ho | COHo CH (CH Ho) CI (COHo) 


Erythrite. Tartaric acid. Tetrahydric wleohol Citric acid. 
(unknown). 


When reduced by hydriodic acid, erythrite yields butylic 
iodide :— 


CH.Ho . CH, 


CHHo e Cll, 


CH,Ho CHI 
Erythrite. Hyariodic Water. Batylic 


3° 


“) 


la ah 
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Pinite and Quercite are believed to be pentahydric alcohols; 
and aposorbic acid is probably a derivative of one of them :—= 


CH.Ho COHo 
CHHo CHHo 
CHHo. CHHo. 
CHHo CHHo 
CH Ho | COHo 
entahydrio Aposorbic 
alcohol. acid. 


Mannite is a hexahydric alcohol. There are three acids cor- 
responding to this alcohol: these are saccharic and mucic acids, 
which are isomeric, and mannitic acid :— 


CH,Ho COHo (CH,Ho 
CHHo CHHo CHHo 
CHHo CHHo CHHo 
CHHo’ CHHo’ CHHo’ 
CHHo CHHo CHHo 
CH Ho , COHo COHo 
Mannite. Raccharic ‘ mannii 


Mannite is closcly related to glucose, the latter containing 
two atoms of hydrogen less than the former. Glucose can, in 
fact, be converted into mannite by the action of nascent hy- 
drogen :— 


CH.Ho CH,Ho 
CHlo CHHo 
oO HHo 
"SoHo + H = < Gui: 
{ CHHo CHHo 
CH, Ho {| CH, Ho 
Glucose. Mannite. 


Alcohola of high hydricity possess a sweet taste, in fact with 
increase of hydricity the alcohols gradually pass into saccha- 
rine substances or sugars. 
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CHAPTER XIII. 
THE ETHERS. 
TuEsk compounds are the oxides of the positive radicals. 
Each series of alcohols produces a scries of ethers; we havo 
thus ethers of the monohydric, dihydric, and trihydric alcohols, 
of which the following are the general formulw :— 


Nethv] Vinyl Phenyl 

Reries ROrIeR. series, 
CU 2a+l CHa, -1 C.Ha-, 
Ethers of the monohydric alcohols { O O O : 
C..Wa41 CH at Claes 





— — Comanneamed Seeatatmenmnatl 


Ethers of the dihydric alcohols... C,H,,0. 


ere 








eae -O-1, Ci 
Ethers of the trihydric alcohols 4 C,1,,-1-O-HaiG, >. 
(Cl, -O-H. CG 


ETHERS OF THE MONOHYDRIC ALCOHOLS. 


These bodies arc derived from the alcohula by the substi- 
tution of the hydroxylic hydrogen contained in the latter by 
& positive monad radical. 


METHYL SERIES. 


The following list contains some of the ethers of this scries :— 
Boiling- 


Cli points. 
Methylic ether ........0.. seceseeeese onl - or OMe, —21°. 
3 
CH, Cl, 
Methylicetbylicether {2 a or e ae or OMcHt +11°. 
atts ait 
C.H, CMeH, 
Etbylic ether ......... . . or oe ‘ or OEt, 35°. 
; e 
CH, (CH, 
Metbylicamylicether ; O or O or OMeAy 92°. 


C,H, 1 opat, 


86 THE ETHERS. 


Boiling 


points. 
C,H, OMeH, 
Ethylic butylic ether. ; O or O or OEtBu 80°?. 
WH, CPrH, 
C.H, CMeH, 
Etbylic amylic ether. ; O or {2 or OEtAy = 112°. 
pity CBuH, 
C7.H, CrrH, 
Butyio ether ......... O or O or OBu, 104°. 
O.H, CPrif, 
C.H,, CBull, 
Amylio ether ......... O or re or OdAy, 176°. 
C,H, CBull 


Formation.—1. By the action of sulphuric acid upon the 
C..H.,4:H0 alcohols. The process may be divided into the two 
following stages :— 

C,Haptlo + SO,Mo, = 80,T10(C,Ha410) + OF, 


Alcohol. Suphune Sulpho-acid. Water. 
act 
Cow 
SO,To(C\H».4:0) + CH,,,Ho = 40 + 80,Ho,. 
Ce, 44 
Sulpho-acid. Alcohol Ether Sulphuric 
acid, 


2. By converting the C,H.,,,]10 alcohols into sodium or 
potassium compounds, and then acting upon the latter with 
the iodides of the monad positive radicals :— 


2C,H,4,Ho + Na, = 2C,,H2,4,Nao + Ii. 
Alcohol Bodic alcohol. 
C Hoes 
Cy Hay iNao + C,H, = O + Nal. 
C,, Hoyt 
Bodic alcohol. Todide Ether. Sodic iodide. 


Reaction. —The cthers can be reconverted into the corre- 
sponding alcohols by treating them with sulphuric acid, and 
then distilling, with water, the sulpho-acid so produced :— 


C,H: 
CHa: 
Ether. Sulphuric acid. Sulpho-seid. Water. 
SO pane Hat10) + OH, = SO, Ho, + Ci Hs4.Ho. 
Ww ates, Balphuric acid. Alcohol. 
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METHYLIC ETHER, Aethylic Oxide. 


CH, 

O or OMe.. 

CH, 

Molecular weight =46. Molecular volume [J]. 1 litre of 
methylic ether vapour weighs 23 crithe. Boils at —21°. 


Preparation —By heating methylic alcohol with sulphuric 
acid or boric anhydride :— 
CH,lio + SO,Ho, = SO,Ho(CH,O) + OTL; 


Sulphurio Sulphomethy he Water 
noid 


Methyho 
alcohol aul 


Cll, 
SO,Ho(CH,O) + CH Jo = {o + 80.Ilo,. 
iF 
Meths lw Mi thy lic Bulphurio 
aod. 


Sulphomethrlio 
acid. alkohol ether 


Reaction—Methylic ether is acted upon by chlorine under 
the influence of light, the hydrogen being displaced atom for 
atom by chlorine. The following compounds are formed: - 

CHC! CHC, CC, 

O° ; Q °°: QO, 

Clic CHC, CCl, 
Dirhlorinated Tetrachloninated = Pr rchlormated 


methy lic ether methyl other methylie ether, 


ETHYLIC ETHER, Lthylic Oxide, Ether, Sulphuric Ether. 


CMeH, 
O or OFt,. 
CMell, 


Molecular weight =74. Molecular volume [T)® 1 litre of 
ether vapour weighs 37 criths. Sp. qr. =0°723. Fuses at 
—31°. Boils at 35°°6. 

Preparation.—A mixture of equal volumes of sulphuric acid 
and alcohol is heated to a temperature of from 140° to 145°, and 


88 THE ETHERS. 


a constant stream of alcohol is allowed to flow into the mixture. 
Ether and water distil over together. Two reactions take place 
successively : in the first, the alcohol is converted into sulpho- 
vinic acid ; and in the second the sulphovinic acid is converted by 
a further quantity of alcohol into sulphuric acid and ether :— 


EtHo + 80,Ho, = SO,EtoHo + OH, 


Alcohol. Sulphuric acid. Sulphovinic acid. Water. 
SO,EtolHo + EtHo = OE, + 80,Ho, 
Bulphovinic acd. Alcohol. Ether. Sulphuric acid. 


In this manner the same quantity of sulphuric acid can 
convert an unlimited quantity of alcohol into ether. 

The formation of ether is not due to the simple removal of 
water from two molecules of alcohol by sulphuric acid. This 
is proved, first, by the sulphuric acid not becoming more 
dilute, and, secondly, by the fact that, if sulphamylic acid be 
acted upon by ethylic alcobol, the miacd ethylic amylic ether is 
formed :— 


SO,Ayolo + Etllo = SO,Ho + OAyEt. 
Bulphamylio acid. Ethylio 8ulphune Ethyhic amylic 
cohol. acid. ether, 
Reactions.—1. Ethylic ether, when mixed with an equal 
volume of sulphuric acid, produces sulphovinic acid :— 


OE, + 280,Ho, = 280,EtoHo + OH, 
Ethylic ether. Sulphuric acid. Sulphovinic acid, Water. 


2. Hot nitric acid converts ethylic ether into carbonic, acetic, 
and oxalic acids. 

8. Exposed to the air, it gradually absorbs oxygen and is 
transformed into acetic acid :— 


CH, 


CH, 
O + 0, = 2| Solo + OH,. 
CH, 

\ CH, 

Ethylic ether. Acetic acid. Water. 
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ETHYLIC SULPHIDE, Sulphur Ether. 
aeons 


CMeH, 
Molecular weight =90. Molecular volume [J]. 1 Wtre of 
ethylic sulphide vapour weighs 45 criths. Boils at 73°. 
Preparation —By adding ethylic chloride to potassic sul- 
phide, and distilling :— 


or SEt,,. 


CMcH, 
2CMeH,Cl + SK, = 48 + 2KCl. 
CMoH, 
Ethylie chloride. Potassic Ethylic sulphide, Potaasio 
sulphide. chloride. 


Reactions.—1. Ethylic sulphide combines directly with 
ethylic iodide, forming 
Sulphurous triethylo-iodide ......... SEt,I. 
By the action of argentic oxide on this iodide, the corres 
sponding hydrate may be formed :— 
SEt,I + AgHo = SEtHo + = Agi. 


Sulphurous Argentic Sulphurous Argentlo 
tricthylo- hydrate. triethvlo- a 
iodide. hydrate. 


2. By cold nitric acid it is converted into sulphurous dieth- 
oxide (SOEt,), which by more powerful oxidizing agents is 
transformed into diethylsulphon (sulphuric diethoxide), 80, Et,, 
which melts at 70° and boils at 248°. 


ETHERS OF THE VINYL AND PHENYL SERIES. 


7 C,H, 
Of the ethers of the vinyl serics, allylic ether,{O  , 


alone is known. It boils at 82°. _ 
C,H, 
In the phenyl series, phenylic ether, O_ ,and beuzylia 
6 


C,H, 
ether, <{O __, have been obtained. 
C,H, 


7 


3’ 
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By digesting benzylic chloride with potassic phenylate, a 
mixed ether, phenyl-benzyl ether, is formed :— 


C,H, 
{ oint + GHKo = kal + {6h 
C.H, 
chloride sheave: tiga, eee 


ETHERS OF THE DIHYDRIC ALCOHOLS. 
Of these the three following are known, but the first only 
has been carefully studied :— 


Boiling-pointe. 
Ethylenic oxide, ©,TT,0............... 13°°5. 
Propylenic oxide, ©, 11,0............... 35°-0. 
Amylenic oxide, ©,H,,0 .............. 95°-0. 


ETHYLENIC OXIDE, Ethylenic Ether. 
CH 
C10 = { Gy. 
Molecular weight =44. Molecular volume (LJ. 1 litre of 
ethylenic oxide vapour weighs 22 criths. Boils at 18°. 
Preparation —HEthylenic oxide is obtained from glycol by 
converting the latter, first into ethylenic chlorhydrate, or 
chlorhydric glycol, by the action of hydrochloric acid, and 
subsequently treating the compound thus formed with potassic 
hydrate :— 
| GH + HCl «= { Gna + OH: 


Glycol. Hydrochlo- Ethylenio Water. 
ric acid. chlorhydrate. 


{ GH'cr + KHo = { G10 + OH, + KC. 
Ethylenic Potassic Ethylenic Water. Potagale 
ydrate. hydrate. oxide. chloride. 
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Tsomers.—Ethylenic oxide is isomeric with vinylic alcohol 
and acetic aldehyde. The nature of this isomerism is seen in 
the following formuls :— 


H H 
{ CH nb " CH, a_i 
— | vik 
H i 
H 
CH i 
{ Gol H—O—Il 
Acetic aldehyde. Hi—C 0 


Reactions. —1. Ethylenic oxide unites with nascent hydrogen, 
forming alcohol :— 
CH, _ SCH, 
{one a CH To’ 


Ethvlenic Alcohol. 
oxide, 


2. It also unites with oxygen, forming glycollic acid :— 


{oro + % = {Goto 
Ethylenic Glycollic 
oxide. acid. 


8. It is a basic substance, and unites directly with acids :— 
{ one + HCL = { Cait 


CH, CH.,Ho’ 
Ethylenic pt drab Ethylenic 
oxide. lori: chlorhydrate 
acid. or chlorhydric 
glyco. 


4. Ethylenic oxide precipitates as hydrates many metals from 
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solutions of their salts, such as the ferric, aluminic, cupric, and 
magnesic bydrates :— 


CH CH,Cl 
2 { GHO + MgCl, + 20H, =2 { CH'Ho + Melo, 
Ethylenio Magnesic Water. Ethylenic Magnesic 
oxide. chloride. chlorhydrate. hy ° 


5. It also combinucs directly with water, reproducing gly- 
col :— 


CH, _ fCH,Ho 
{ oH + OH, = { GI He 
Ethylenio Water, Glycol. 

oxide. 


These reactions exhibit a wide difference between the beha- 
viour of ethylenic ether and that of ethylic ether. This dif- 
ference arises from the fact, that in ethylic ether the ethyl 
semimolecules are held together by the oxygen only, whereas in 
ethylenic ether the linking of the two groups of CH, does not 
depend on the oxygen atom alone, as will be seen from the 
following formule :— 


H H H H 
Ethylic ether ......... H—t-6-0-tG = 
| Iq C. H, 
H tk I H 
H i 
Ethylenic cther ...... a = | oH°- 


On account of this peculiarity - constitution, ethylenic oxide 
can combine directly with many substances without the dis- 
ruption of its molecule,—a property which obviously cannot 
be possessed by ethylic ether. 


ETHERS OF THE TRIHYDRIO ALCOHOLS. 
Of these only one is known, viz. :— 


ETHERS OF THE TRIHYDRIC ALCOHOLS. 98 


GLYCYLIC ETHER, Glycylic Oxide. 


H 4H 
| 
H-¢_o—G_u 
I l CII,-0-H,C 
H—C—0—C—t = /CH’.0-1TC }. 
\ | CH,-0-1L,C 
H—C—0—C—II 
H 


Preparation.—By the action of potassic hydrate on so-called 
iodhydrin :— 


CH, 

CH 

CH, (CI,-0-11,C 

O 4+ Ko = KI + ON, +4CIr-0-H¢ 
H, lon.one 

CHI 

\ CH Ho 

Jodhydrin, Potaasic Potasaic Water. Glycylic ether. 


hydrate. iodide. 


CHAPTER XIV. 
THE HALOID ETHERS. 


Eacu series of positive radicals forms its own series of haloid 


ethers. 
These ethers are produced by the substitution of hydroxy] in 
the alcohols by chlorine, bromine, iodine, fluorine, or cyanogen. 


Haloid Ethers of the Monad Positive Radicals. 


As these radicals can only unite with one semimolecule of 
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hydroxyl, they can only form one haloid ether. Each series of 
radicals therefore forms one series of haloid ethers :-— 


I. Haloid ethers of the form C,,H,,,,Cl. 
II. 9 ” 99 29 O,H;,-:Cl. 


MT. , 4 w» 9» O,Hy—;Cl. 


The following will serve as examples of the three series :— 


oe H H H 
Propylic iodide... ©,H,I ror 
or H—C—C—O—I 
C(C,H,) HI. | | J 
li H H 
Allylic iodide ... CII 
or I—C—C=—C—H 
C(C,H,) HI. | | 4 
Wi H H 
H—C=—C—H 
Phenylic iodide CHI ne ei 
| | 
H—C—C—H 


Haloid Ethers of the Dyad Positive Radicals. 


As the dihydric alcohols contain two semimolecules of hy- 
droxyl, it follows that there are two classes of haloid ethers 
derivable from them. The first is formed by the substitution 
of one of the semimolecules of hydroxy! by chlorine, bromine, 
&c., and the second by the like displacement of both semi- 
molecules of hydroxyl :— 


I. Haloid ethers of the form ©,H,,Ho(C1. 
Il. 98 9 ” 9 C,H,,Cl,. 


The following examples will suffice to illustrate the consti- 
tution of both these classes of haloid ethers :— 
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Chlorhydric glycol or ethy- H H 
i bh saeneeeus C.H,HoCl 
lenic chlorhydrate AE Ho + 
CH,Ho ] 
{or Cl ° | 
H 
Ethylenic dichloride ......... O,H,Cl, H if 
or i ( 
CHCl H—( | If 
ClLcr Od 


Haloid Ethers of the Triad Positive Radicals. 


Three classes of haloid ethers arc derived from the trihydric 
alcohols by the successive substitution of the three semi- 
molecules of hydroxy] contained in these alcohols by chlorine, 
bromine, &c. <A fourth class also exists, which stands inter- 
mediate between the ethers and the haloid ethers, and which 
is formed by the substitution of one of the scmimolecules of 
hydroxy] in the aleohol by a monad negative radical, such as 
chlorine, bromine, or cyanogen, and the remaining two semi- 
molecules of hydroxyl] by a dyad oxygen :— 


I. Haloid ethers of the form C,,H,,,_,Wo,C1. 


I. , ys CTs, -HoCl,. 
ll , §, » OG, ,Cl, 
IV. ,  , Clg, OCL 


The following are examples of each of these classes :— 


IH i 
CH No Ve oe ae eee 
Chlorhydrin. CHC | | 4 
CH Ho QO Cl 


Hi { 
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ion 
| 
CHCl H—C—C—C—H 
Dichlorhydrin ... 4 CH Ho. it 
CH,Cl Cl 7 Cl 
H 
HH H 
CTT,cl [ { | 
Trichlorhydrin ... ; CHC! . H—C—C—C—H 
Clr,Cl | | | 
Cl Cl Cl 
HH I 
Hydrochloric CHCl | | 4 
glycide or or. SH 0° H—C—C—-C~—H 
chlorhydrin ... | CH, | {| | 
Cl \OY 


HALOID ETIERS OF THE MONAD POSITIVE 
RADICALS. 


Preparation—Theso ethers are produced by the following 
general reactions :— 


1. By the action of the hydracids upon the alcohols :— 


C.H34:.Ho + HCl = C,H,,,Cl + O8,. 


Alcohol. peteoroue Haloid ether. Water. 
Bol a 


2. By the action of phosphorous chloride on the alcohols:— 
8C,HaiHo + PCl, = 8C,H:4:,01 + POHHo,,. 


Aloohol. Phosphorous Haloid ether. Phosphorous 
chionde. acid. 


3. By the action of chlorine on the hydrides of the radi- 
cals :— 


CHa. + Cl = C.HaaCl + HCL 
Hydride. i 


Haloid ether. Hydrochloric 
acid, 
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It is obvious that in these reactions bromine and iodine may 
be used instead of chlorine. 

These reactions apply equally to the C,11;,., and C,H;,_; 
series. 

For the preparation of the nitriles, which aro isomeric with 
the cyanides of the radicals, two special reactions (Nos. 1 and 2) 
are employed. 

1. The distillation in the dry state of a mixture of the po- 
tassic sulphate of the radical with potassic cyanide :— 

SO, Ko(C,H,,,,.0) + KCy = SO,Ko, + CE Cy. 
Potaaate sulphate of the Potasnic Potasaw Abnormal cyanide 
radical. cyanide. aulphate. or mtrile. 

2. The fatty acids are converted into ammonium salts and 
distilled with phosphoric anhydride, when the abnormal cyanides 


of the positive radicals which they contain, or nitriles, are pro- 
duced :— 


{GoWno) + 27.0. = {GNF + 4PO,Io 
Ammonium Phosphoric Abnormal cyanide Metaphoaphoric 
salt, anhydride. or nitrile. acid, 


3. By the action of chloroform on an amine in the presence 
of an alcoholic solution of potassic hydrate, a normal cyanide is 
produced. These cyanides are isomeric with those obtained 
by the two previous processes, aud appear to contain nitrogen 
in the pentad condition :— 


{we + Cnc, = ancl + {Rd 


Amine. Chloroform. A yaroonlenie Cyanide. 
uel 


Reactions.—1. Treated with alcoholic solution of potash, 
most of the haloid ethers of the C,,H,4, series, except the cya- 
nides, are reconverted into alcohols :— 

C..H2.4:C) + KHo as C.,H24:Ho =f KCl. 
Halad ether. Potassic Alcohol. Potasac 
hydrate. chlomds. 

2. The nitriles, or abnormal cyanides, under similar circum- 
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stances are converted into potassic salts of the acids which 
contain the positive radical of the cyanide :— 


{on™ + KHo + OH, = { Sox + NB, 
Abnormal Potassio Water. Potassic Ammonia: 
cyanide. hydrate. salt. 


3. The nitriles or abnormal cyanides when submitted to the 
action of acids yield an ammonic salt and a fatty acid :— 


CH C,H. 
{Gye 4 Hel + 20H, = NHC! + {Goat 
Nitrile. atycrochiagrio Water. Aemosie Fatty acid. 
acid. chlonde. 


4. The normal cyanides when acted on by acids behave like 
hydrocyanic acid (see p. 28), producing formic acid and the 
hydrochlorate of an amine :— 


CH, T P H 
{ Not + HCl + 20H, = { COHo + N(C.H2.4:)H,Cl. 


Cyanide, Hydrochlone Water. Formic Hydrochliorate 
acu, acid. of amine. 


This reaction appears to take place in three stages; and in 
the case of phenylic cyanide the intermediate compounds have 
been obtained :— 


» fC.H, H - 
2] Nc’}ot «20H, = | Cone + N(CH)"(CH,),H. 
Phenylic Water Fora Formy]-dipheny]-diaminoe. 


cyanide. acid, 


N,(CH)"(CH,),H + OH, = { (com + {WH 


Formyl-dipheny]-diamine. Water. Pheny! formamide. Phenylamine. 
C.H _ sfCOx H 
| CORE + OH, = { iH” + { COHo’ 
Phenyl formamide. Water. Phenylamine. Formic acid. 


5. When the iodides are digested with zinc or magnesium, 
the radicals are cither liberated or unite with the metal :— 


2 CH, tl + 2Zn = Zn(CH:.+1)s + Zal,, 
Iodide. Organo-sine Zinele 
compound. iodide, 
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or 
CHeal + mn = { glist 4 zal, 
nt4 Set) 
Iodide. Free Zincic 
radical. iodide. 


G. When the iodides are submitted to the action of sodic 
ethylate,a mixed ether (or a simple ether if n=2) is formed :-— 


CI Tsn41 

C.H,Nao + C,Hs.l = 40 Nal. 
Cl, 
Rodic lodide. Ether. 


ethylate. 


7. The haloid ethers of the monad positive radicals are the 
representatives of the hydracids of mineral chemistry, and 
unite directly with ammonia, producing salts which, when treated 
with potassic hydrate, vicld compound ammonias containing the 
baaylous radical of the haloid ether in the place of one atom of 
hydrogen : 

NH, + El = NUFtl. 


Ammoma. Ethyhe Kthylamainome 
rudide. 1odade. 


NH,EtI] + KHo = NEtH, + KI + OW, 


Ethylammonic Potasaic Ethylamine. Potaasic Water. 
lodide. hydrate. r0dide, 


METHYLIC CHLORIDE. 
CH,(Ci or MeCl. 

Molecular weight =50°5. Molecular volume (T}. 1 litre of 
methylic chloride vapour weighs 25°25 oriths. Botls at 
—21°. 

Preparation.—By heating together sodic chloride, methylic 
alcohol, and sulphuric acid :— 
80,Ho, + MeHo = S80O,MeoHo + OHI, 


Sulphuric Methylic Sualphomethylic Water. 
acid, alcohol. acid. 
SO,MeoHo + NaCl = MeCl + SO,ToNao. 
Balphomethylic 8odic Methylic Hydric sodic 
acid. chloride. chloride. sulphate. 


H 2 
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Reaction.—By the action of chlorine, methylie chloride pro- 
duces three substitution derivatives :— 


Boiling- 
point. 
Monochlorinated methylic chloride, CH,Cl,. 31° 
Dichlorinated a3 »  CHCl,. 60°'8 
Trichlorinated 3 » CCl, 78° 


Chloroform, acted on by powdered zine and a solution of 
ammonia, produces methylenic dichloride, boiling between 
40° and 42°. It seems to differ from monochlorinated methylic 
chloride, which is said to boil at 31°. 


CHLOROFORM, Dichlorinated Methylie Chloride. 
CHCl, 

Molecular weight =119°5. Molecular volume (Tj. 1 litre of 
chloroform vapour weighs 5975 criths. Sp gr. V8. Botls 
at 60°". 

Preparation.—This compound is manufactured in large 
quantitics by heating alcohol with a solution of calcic chloro- 
hypochlorite (chloride of lime). It may also be made by treat- 
ing methylic alcohol in the same manner. For the reaction 
sce p. 57. 

Reagtions.—1. Chloroform is transformed into potassic for- 
mate by boiling with alcoholic potash :— 


CHCl, + 4KHo = CHOKo + 38KCl + 20H,. 


Chloroform. Potasaic Potasaic Potaasic Water. 
hydrate. formate. chlonde. 
2. When acted upon by chlorine in the presence of sunlight, 
the hydrogen of chloroform is displaced by chlorine, and carbonic 
tetrachloride (CC],) formed. 
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ETHYLIC CHLORIDE. 
C,H,Cl or EtC!. 


Molecular weight =64°5. Molecular volume [TJ]. 1 litre of 
ethylic chloride vapour weighs 32°25 criths. Sp. gr. 0874. 
Boils at 11° 5. 


Preparation —Ethylic alcohol is saturated with hydrochloric 
acid, and digested in sealed tubes at 100° for one or two hours, 
when the mixture separates into two layers, the upper ono 
being the ethyhe chloride :— 


Eto + HCl = El + Of, 
Alcohol. Hydrochione Lthyhe Water. 
noid. chiuride. 


ETHYLIC IODIDE. 
C.H,I or Etl. 


Molecular weight =156. Molecular volume (7). 1 litre of 
ethylic iodide vapour weighs 78 criths. Sp. gr. 104614. 
Boils at 72° 2. 


Preparation.—By placing in a retort two parts by weight of 
alcohol and one of amorphous phosphorus, and then introduciuy: 
five parts of iodine and distilling in a water-bath :— 

3C.H,Ho + P + J, = 30/11 + POTMNo,. 


Aloohol. Ethvhlie Phosphorous 
sodide. acd, 


Reaction.—Ethylic iodide, when heated with water in a 
sealed tube, produces ether and bydriodic acid :— 


C.H, 
O + 271. 
C.H,. 


Ethvlic Wate. Ether. Hydriodic 
iodide. suid, 


2C.H,I + OH, 
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The methylic and amyli@iodides are similar liquids, and ob- 
tained by analogous processes ; the methylic iodide, CH,I, bas 
the sp. gr. 2'237, and boils at 42°C. Amylic iodide, ©,H,,I, has 
the sp. gr. 1:511, and boils at 146°. 

The haloid compounds of the allylic and phenylic series are 
of comparatively little importance. 


HALOID ETHERS OF THE DYAD POSITIVE 
RADICALS. 


1. Haloid ethers of the form CIl.,HoCl. 


Preparation.—These ethers are prepared by the action of the 
hydracids on the glycols. The following will serve as examples 
of this class :— 


Ethylenic chlorhydrate or chlorhydric glycol See ; 
Ethylenic iodhydrate or iodhydric glycol ... Sa 
2 


Treated with potassic hydrate, both these bodies give ethy- 
lenic oxide, as previously described (p. 90). 


II. Haloid ethers of the form C,H;,C,. 


Preparation—These ethers are generally formed by the 
direct union of the dyad radicals with the negative elements. 

The following list comprises the chief members of this 
class :— 


Boiling-point 
Methylenic chloride......... CHC), ...... 40° 
‘s lodide ......... CH 2255 181° 
Ethylenic chloride ......... C.H,Cl, ...... 85° 


» bromide ......... C.H.Br, ...... 129° 
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Boiling-point. 





Ethylenic iodide ............ CHT. 

Propylenic chloride......... CHCl, ...... 103° 
7 bromide......... CuBr, ...... 0 148 
lodide............ CULL. scicinnic 

Butylenic chloride ......... O,H,CI, ..... 127° 
‘i bromide ......... CULBr, ....... 160° 

Amylenic chloride ........ C.ll,,Cl, ...... — 

bromide .......... ©,H,,Br,. ... 175° 


” 

By the action of potassium, sodium, or zinc, the radicals aro 

again liberated, except in the case of the methylene compounds. 
The bromides are the most important members of the serics. 


ETHYLENIC BROMIDE. 


{ CH,Br yn 
C.H,Br, or [CuBr Bt" Br,. 

Molecular weight =188. Molecular volume [T)j. 1 litre of 
ethylenic bromide vapour weighs 94 criths. Sp. gr. 2°16. 
Fuses at —18°. Boils at 129°. 

Preparation.—By agitating bromine and water with othy- 
lene. 

Reactions.—1. Boiled with alcoholic potash it yields brom- 
ethylene or vinylic bromide :— 

C.H.Br, + KHo = C.HBr + KBr + O'f,. 


Ethylenic Potaasic Vinylic bromide Potasme Water. 
bromide. hydrate. or bromethylene, bromide. 


2. Heated with an alcoholic solution of potassic acetate, it 


yields monacetic glycol. 


CH.Br _ [ CH,-0-CMcO 
{ Gib, + 2MeOKo + Ol, = { Site 
seating Potassic Water. Monacctic glycol. 


+ CMeOHo + 2KBr. 
Acetic Potaasic 
acid bromide, 
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ETHYLENIC CYANIDE, Ethylenic Nitrile. 


CHCy _ 
{ CH Cy ae, C.IT,Cy at 


Fuses at 87°. 


Preparation.—By heating ethylenic bromide with potassic 
cyanide to 100° for sixteen hours :— 


pts + OON"K = { Sion + 92KBr. 


CILBr CII.(CN” 
Fthylenio Potassi« Ethylene Potass0 
bromide. cyanide. nitrile. bromide, 
a 


Reaction.— When boiled with aleoholig potash, ethylenic 
nitrile or abnormal cyanide yields potassic succinate :-— 


CIL(CN'”’) : _ { CH,COKo) 
Fthyle nie Potasste Water. Potassic Ammonia. 
nitrile. hydrate, KuccInate. 


ILALOID ETHERS OF THE TRIAD POSITIVE 
RADICALS. 


I. of the form C,H,,—,1fo0,C1. 


Bouling- 
point. 


CH Ho 
Chlorhydrn . 4 CHC) ............ yA ha 
CHI Ho 


CH, Ho 
Bromhydrin ... CuBr ............ 180° én vacuo. 
CIt,Ho 


Il. of the form C,H,,-,HoC,. 


CHCl 
Dichlorhydrin...{ CHHo ............ 180°. 
CH.Cl 
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III. of the form C,1,,_,Cl,. 


Holes: 

point, 
CHCl 

Trichlorhydrin..j CHCl ...... ..... 155°. 
CH,C! 


IV. Of the form C,H,,-,OCI. 


Hydrochloric Cll, ; 
glycide or | ro) | ae 118°, 
chlorhydrin ... | GH,Cl 


Preparation.—The ethers of tho first three forms are obtained 
by the action of the hydracids upon glycerin; whilst those of the 
fourth are produced by the action of alkalies upon the second 
form of compounds. 


CHAPTER XV. 


THE ALDEHYDES. 


THESE compounds are intermediate between the alcohols and 
thoacids. They are formed from alcohols by the abstraction of 
hydrogen ; hence the name, which is an abbreviation of alcohol 
dehydrogenatum. 

Three series of aldchydes are known, corresponding to the 
three series of monacid alcohols, viz. :— 


A. Aldehydes derived from C,H;,4,Ho alcohols. 
B. 39 ” ” CH, Ho ” 
C. ” ” 99 C,,H;,-,1Lo 9 


Preparation.—1. The aldehydes are formed by the oxidation 
of the alcohols; ethylic alcohol, for instance, yields acetic alde- 
hyde :— 
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CH, CH, 
{ GH Ho + Os | Goi + OH, 


Ethylic Water. 
alcohol. aldchyie *, 


2. Aldehydes are also formed by distilling a mixture of mole- 


cular quantities of the potassic salt of a fatty acid and of potassic 
formate :— 


CH, i CI, : 
{ Coke a | GoKe " { colt + COKo,. 
Potasaic Potassic Acetic Potassic 
acetate. formate. aldehyde. carbonate. 


This is an important reaction, as by its means the series 
of fatty acids can be ascended; for the aldehyde may next 
be transformed into an alcohol by nascent hydrogen then tne 
alcohol converted into an abnormal cyanide or nitrile, which 
by treatment with potassic hydrate gives the potassic salt of 
the next higher acid. Thus :— 


CH, _ sen, 
| cuit ae hy {oar Ho’ 
Acetic Ethvhe 
aldehyde, alcohol. 
ci, 80,0, = S0,HoE Ol, ; 
CH, ‘Ho * fo, = SO,HoEto + 3 
Eth lio Bulphuric Sulphovinic Water, 
alcohol. avid. acid. 
SO,HoEto + CN’"K = SO0,KoHo + {on" "3 
a ee ake 
{ox + KHo + OH, = {Suen + NH, 
pare Potassic Water. Potaasic Ammonia. 
nitrile. hydrate. propionate. 


Starting again with potassic propionate, instead of potassic 
acetate, the same series of reactions can be performed, resulting 
in potassic butyrate, and so on. 
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Reactions.—1. By direct absorption of oxygen, the aldehydes 
are transformed into the corresponding acids :— 
C.H 7 CUT 
{eon - OS {one 
Aldehyde. Acid. 


2. Also heated with ammoniacal solution of argentic oxide, 
the aldehydes are converted into acids, metallic silver being 
deposited :— 


C,H, C,H; 
{oot + OAg, = {ool + Ag, 
Aldehyde. Argentic oxide. Acid, 


3. When heated with potassic hydrate, the aldchydes yield 
the potassic salts of the corresponding acids, with evolution of 
hydrogen: — 


[Baier + wwe = (S8he + 


Aldehyde. Potasaic Potaasic 
hydrate. salt. 


4. Treated with nascent hydrogen, they are converted into 
the corresponding alcohols :— 


C,H, C,H, 

eau” oe ee { Guat | 
Aldehyde. Alcohol. 

5. Most aldehydes combine directly with ammonia, forming 
crystalline compounds :— 

C,H - C,H 

{cor + Mi, = { coin: 
Aldehyde. Ammonia. Ammonium 

compound. 


6. Aldehydes also combine with tho alkaline hydric sulphites, 
producing crystalline compounds :— 
{O.Heit 4 gOKoHo = 80KoHo, {Sow 


Aldehyde. adel oa 
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A. ALDEHYDES DERIVED FROM THE (,H24,Ho 
SERIES OF ALCOHOLS. 
The following are known :— 


Fusing- _—Boiling- 
point. point. 





Formic aldehyde ... {Gox sdeadta etn eemnes —_ 

1 
Acetic aldchyde ...... { Sa ie had tastes — aye, 
Propionic aldehyde.. { Gon” or {Gon oe —— (40°-45°). 
Butyrio aldehyde ... { aoe or {oon Pisagunes —— (68°-75°). 
Valeric aldehydo ... { ea or 1 eh ee — 93°. 
CEnanthio aldehyde... {Solr or oon below —12°. 152°. 
Capric aldehyde... {eon Se eae eae — 2, 298°9 
Huodie aldohydo...... | Gigi ve teesssreeseeensseeee +7 213° 


Lauric aldehyde ..... { pa ae 
Palmitic aldehyde ... 1 Core 


eeeeooeeeSaeseorerseveevese 


ACETIC ALDEHYDE, Aldehyde. 


CH, 
Colr 


Molecular eight =41.  Afclecular volume (7). 1 litre of 
aldehyde vapour weighs 22 criths. Sp. gr. =079. Boils 
at 21°8. 

Preparation.—1. By oxidizing alcohol with chromic acid, 
chlorinc water, or manganic oxide and sulphuric acid :— 


CH, _ CH, 
| Glo 7 = | Gott + OH, 


Ethvlic Acetic Water. 
alcohol. aldehyde. 


2. By oxidation, casein, fibrin, and albumen also yield alde- 
hyde. 
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3. Aldehyde is formed when the vapour of alcohol or ethor 
is parsed through a tube heated to dull redness. 

Reactions.—1. It gradually absorbs oxygen from the air, 
forming acetic acid, into which it is also readily converted by 
oxidizing agents :— 


CH, _ sen. 

{ Gol te { GUlto 
Acetic Acctic 
aldehyde. wed, 


2. It reduces silver salis, depositing Justrous metallic silver 
on the sides of the vessel. 

3. By the action of phosphoric chloride on aldehyde, ethyli- 
denice dichloride is produced :— 


{Salt + PC = Pent + POC, 


Col CHC. 
Acetic Phosphoric Ethyhdente Phoaphoric 
aldehyde. chloride dichloride, oxytrichlonde, 


4. When submitted to the action of potassium, one atom of 
hydrogen is substituted by an atom of the metal, the compound 
{ CH, 
Cok 
being formed. 
5. Hydrocyanic acid trausforms aldchyde into alanin :— 


Cl, _  fOMeh (NH). 
{eo + NCH + Ol, = {Go1% 
aldehyde. Hydrocyanie Water. Alonin, 


By the action of nitrous anhydride, alanin or lactamic acid 
18 converted into lactic acid :— 


earns +0, = 2) CMecHHo 1. on +on,. 


COHo | COHo 
Alsnin. Nitrous Lactic Water. 
anhydride. acid. 


There are three isomeric modifications of aldehyde :— 
Metaldehyde, crystalline, subliming at 120°. 
Paraldehyde, liquid, boiling at 125°. 

Elaldchyde, crystalline, fusing at 2°, boiling at 94°. 
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By the action of chlorine upon alcohol, trichlor-aldehyde is 
formed containing 8 atoms of chlorine in the place of 3 atoms 
of methylic hydrogen. It is named chloral, 

{Got 
CoH 

This compound immediately unites with one molecule of 
water, forming chloral hydrate, which has the following con- 
stitutional formula :— 

CCl, 
| CHito, 

In the same operation chloral alcoholate is generally produced. 
Its constitution is expressed by the following formula :— 


CCl, 
CHEtolH{o" 


B. ALDEHYDES DERIVED FROM THE C,H._,Ho 
ALCOHOLS. 
ACROLEIN. Acrylic Aldehyde. 

CMe"H 

Col ° 
Molecular weight =56. Molecular volume [TJ]. 1 Kitre of 

acrolein vapour weighs 28 criths. Boils at 52° 4. 
Preparation —1. By the action of phosphoric anhydride or 

of sulphuric acid on glycerin .— 


CH,Ho i 
CHHo = 20H, + { Sou H 
CH, Ho 

Glycenn, Water Acrolen 


2. By the oxidation of allylic alcohol :-— 


CMe"H _ {CMe"H 
{Oni oS { cou + OH, 


Allyho Acrolein. Water. 
alcohol 


BENZOIC ALDEHYDE. lll 


8 By the action of heat on the product of the union of ace- 
tone with bromine :— 


ios + Bh = { Gusbes, 


CH, CH,Ho ° 
Acetone. 
CMeBr, _ f OMe"H 
| GH io = | Gort a EY: 
Acrolein. Hydrobromic 


acid. 


Reaction.—By oxidation, acrolein yields acrylic acid :— 


(CMe'H _ f§ OMe’ ll 
;con + © = {CoH - 
Acrolein. Acrylic acid, 


C. ALDEHYDES DERIVED FROM THE C,H,,_,Ho 
ALCOHOLS. 
aCUings 
point. 


Beuzoice aldehyde ...... { Sut ... 180°. 


| cata + C,H, 6 ° 
Cuminic aldehyde . ... Cor: 229°"4- 


BENZOIC ALDEHYDE, Oil of Bitter Almonds, Hydride of 
Benzoyl. 


(C,H, 
| COH’ 


Molecular weight =106. Alolecular volume [J]. 1 litre of 
benzoic aldehyde vapour weighs 53 criths. Sp. gr. 1048. 
Boils at 180°. 

Preparation.—1. By the oxidation of amygdalin by nitric 
acid, and by the action of a mixture of manganic oxide and sul- 
phuric acid on albumen, fibrin, casein, and gelatin. 

2. By digesting bitter almonds with water for five or six 
hours at 30°-10°. The synaptase present acts as a ferment on 
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the amygdalin, converting it into glucose, benzoic aldehyde, and 
hydrocyanic acid :— 


C,H,,NO,, + 20H, = C.H, 4 NCH + 20,H,,0, 


COH 
Amygdalin. Water. Benzoic Hyd nic Glucose. 
ie aldehyde. z acid. 


3. By digesting together plumbie nitrate, water, and benzylic 
chloride (chlorotoluol), benzoic aldehyde is formed :— 


2| Cit ‘Ot NLO,Pbo”=N,0,+OH,+PbCl, +2 {Sor 


COH’ 
Re mzy lic Plumbic Nitrous Water. Plumbic Benzoic 
chloride. nitrate. anhydride. chloride. aldehyde. 


The benzylic chloride is prepared by passing chlorine into 
the vapour of boiling toluol. 

Reactions.—1. When exposed to the air, benzoic aldehyde 
absorbs oxygen and is converted into benzoic acid :— 


(OII, _ (GH, 
jeon + © =} colio 
Benzoic aldehyde. Bengzoic acid. 


2. Heated with solid potassic hydrate, it gives hydrogen and 
potassic benzoate :-— 


C.H, 7 _ {GH 


Benzvic Potaasic Potassic 
aldehyde. hydrate. benzoate. 


CITAPTER XVI. 


THE ACIDS. 


Tre acids form the most numerous family of organic com- 
pounds. 

Many of them are contained in plants in the free state, or 
in combination as metallic or ethereal salts. 
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Others are produced by the action of chemical agents on 
various organic substances. 
Some are formed in the animal organism, as, for instance, 
formic, paralactic, oleic, and stearic acids. 
The organic acids are divided into three great classes, accord- 
ing to their basicity :— 
. 1, Monobasic acids. 
2. Dibasic acids. 
3. Tribasic acids. 
The basicity of organic acids is determined by the following 
simple law:—an organic acid containing n semimolecules of 
oxatyl is n-basic. 


MONOBASIC ACIDS. 


The monobasic acids, which always contain a single semi- 
molecule of oxaty] (COHo), include the six following sericea :-— 


General formule. 


1. Acctic or futty series ...... J a ae 
2. Acrylic or oleic serics ...... | Colin” (CLL amg 1). 


3. Lactic series 


eee rere eseeoaeesenees 


ie Cellet Colton gs) HHO 


4. Pyruvic series oe CO. ng), 


COH 
5. Glyoxylic series... { (Calla )Ho, 
6. Benzoic or aromatic scries { Sa 


The 1st, 2nd, 3rd, 5th, and 6th of these series may be regarded 
as the derivatives from corresponding series of alcohols. 


1. The Acetic series from the Methy! series of alcohols. 


2. ” Acrylic 7) ” Vinyl ” ” 
3. ,, Lactic 4 ” Glycol ” ” 
5. ,, Glyoxylic ,, » Glycerin ,, ” 
6. , Benzoic ,, » Phenyl _,, 9 
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The acids of the first, second, fourth, and sixth series are 
termed monohydric as well as monobasic; whilst the acids of 
the third series are termed dihydric and monobasic, indicating 
their origin from the dihydric alcohols, and that they contain 
two somimolecules of hydroxy], one of which is in the oxatyl 
or negative part, and the other in the positive part of the mole- 
cule. The hydrogen of the latter hydroxyl may be displaced 
by highly positive metals, in the same manner as the hydrogen of 
the hydroxyl in alcohols; but it cannot be displaced by double 
decomposition with bases, in tho same manner as the hydrogen 
in the oxaty] may be substituted. 

The acids of the fifth series are termed ¢rihydrie and mono- 
basic, indicating that they are derived from the trihydric alco- 
hols, and that they contain, besides the hydroxy] in the oxatyl, 
two other semimolecules of hydroxyl in the positive part of , 
the molecule. 


1. ACETIC OR FATTY SERIES OF ACIDS. 


General formula... { on 


These acids may be conveniently arranged under three divi- 
sions, viz. :— 


A. Normal acids. 
General formula .. Conte, 


B. Secondary acids. 
General formula... { Conte. 


C. Tertiary acids. 
General formula... Soins 
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A. NORMAL AOIDS OF THE ACETIO OR FATTY 
SERIES. 


O(C.H,,.:)H, 
Genctsl fmula:, { oon: ai)H, 


In formic acid, which is generally considered to be the first 
term of this division, the radical C(C,H,,,,)H, 1s replaced by 
H{; and in acetic acid the value of n=0. In reference to the 
following list of normal fatty acids, it must be borne in mind 
that the normal character has not been established in the easé 
of those members which possess a higher molecular weight 
than wnantbylic acid :— 


Fusing _Boiling- 
point, point. 


Formic acid....... mtg U tTo wee PIS. 100°. 
Acetic acid ...... 2% COHo % { San oct +17°. 117°. 
Propionic acid .. | hae or { Sone JH, —— 141° 
Butyric acid...... { Gourd {Gorey 99°, 162°. 
Valerio acid ......{ Sou? "{O0ilg” 2 = —— 17. 
Isopropacetic acid Cone °F | ra CMeII)H, 175°, 
Caproic acid ...... { COE o or | GH... +5". 198°, 
(Enanthylic acid { Sau or | rae Yio H,)H, = —_— 212°. 
Csprylic acid... _— or | Sorte H,)Hs 414°. 236°, 
Pelargonic acid sone {OOH et, F18F 260", 


12 
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Capric acid o..ceccccceecsecsece { C(C HH, 97°-9(30°), 
Laurie acid ose seessecsesseoe {Cone 43°. 
Myristic acid ooo... cee eee f Aiea 53°8 
Palmitic acid....0..0.0.. cscs: { Soy oa. 
Margaric acid ...... ........08. { Saye 59°-9 P 
Stearic acid... ooecccccsce cece { SCH, G92, 
Arachidic acid oo. cece {Soi 75° 
Bohenic acid ..........csceeceece ois e* 


COer doe met eorestueereon 


(OC, TH, pee 
| Colle” oe 


Cerotic acid 00.0.0... eee { ther 


78°. 


Melissic acid ........0.......000.. ' a 88°. 

Occurrence.—The greater number of the acids of this series 
are met with already formed in nature, some in the free state, as 
formic acid in ants and nettles, valeric acid in the valerian 
root, pelargonic acid in the essential oil of the Pelargonium 
roseum, and cerotic acid in bee’s-wax. 

Others are met with as the ethereal salts of monohydric 
alcohols. Thus spermaceti is cetylic palmitate, and chinese wax 
cerylic cerotate. 

A large number exist as natural fats in the form of the 
ethereal salts of glycerin: this is the case with butyric, pal- 
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mitic, and stearic acids, which, united with glycerin, form 
respectively butyrin, palmitin, and stearin. 

Formation.—1. By the oxidation of the normal alcohols of 
the methyl series, as in the conversion of alcohol into acetic 
acid by heating it with a solution of chromic acid :— 


{ CIT, 


CH 
{ CHH + 0: = \eoio + OH. 
Alcohol. neti Water. 


2. By the action of alkalies or acids upon the nitriles or 
abnormal cyauides of the C,H), series of radicals :— 


C,H, 7 eaase C,, Fey 
\ on’ +1 4 Kio + OI, = {sore + NIL; 
Nitrile. Potnsaic Water. Potaasio Ammonia. 
hydrate. sult. 
and 


C.H,, oa C,1 I.., “ 
\on? +H 4 HCl + 2011, = oni + NIT,Cl. 


Nitrile. Hydrochloric Water. Acid. Ammonic 
acid, chionde. 


Instances of these reactions are seen in the treatment of 
ethylic nitrile by a boiling solution of potassic hydrate, when 
it is converted into potassic propionate, ammonia being evolved, 
thus— 


CMeH _ f{OMcH . 
ie eH, 4 Kio + OH, = {Soke + WNH,; 
Ethylio Potasaic Water. Potaasic Ammonia. 
nitrile. hydrate. propionate. 


and in the conversion of ethylic nitrile, by the action of hydro- 
ch lorie acid, into ammonic chloride and propionic acid— 


CMcH CMcH 
{on™ > + HCl + 20H, = {sone + NHC. 
Etbylic Hydrochloric Water. Propionic Ammonic 
nitrile. acid. acid. chloride. 
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8. By the action of the potassium or sodium compounds of 
the C,Hs,,,: radicals upon carbonic anhydride— 


CO, + CHa.Na = {cox 


CON ao’ 
Carbonic Sodium Bodic 
anhydride. compound. salt. 


as, for example, in the formation of sodic propionate by the 
absorption of carbonic anhydride by sodic ethide :— 


CO, + CMeH,Na = | GONa? 
Carbonic Bodic ethide. Sodic 
anhydride. propionate. 


4. By the oxidation of aldehydes— 


C,I1., _ (OH 
{eon + OC = { Sout” 
Aldehyde. Acid. 


as in the conversion of acetic aldehyde into acetic acid by 
the absorption of atmospheric oxygen :— 


CH, _ fH, 
| coir + Oe | Couto 
Acetic Acetic 
aldehyde. acid. 


Besides these reactions of general application, there are 
numerous special methods for the production of certain mem- 
bers of this series. In most of these methods, however, the 
reactions cannot be clearly traced. 

Thus, by the oxidation of albumen, fibrin, casein, and other 
similar substances, there are produced formic, acetic, propi- 
onic, butyric, valeric, and caproic acids. 

Propionic and butyric acids are produced in some kinds of 
fermentation ; and acetic acid is obtained by the destructive 
distillation of wood and other similar substances. 


RELATIONS OF THE NORMAL FATTY ACIDS TO RADICALS. 139 


Relations of the Normal Fatty Acids to the C,Hon4,. Serics of 
Radicals. 


1. When these acids are submitted to the action of nascent 
oxygen evolved by electrolysis, the negative radical oxaty) is 
converted into carbonic anhydride and water, the positive 
radical being set at liberty :— 


C.H _ (CH, 
* {oor +O { qi! + 260, + Ol, 


Pomtive Carboni Water. 
radical anhydride, 
On electrolyzing a solution of potassic valerate, hydric po- 
tassic carbonate and the normal radical buty! are formed :— 


21 Seite + OH, + O = {GAL + 2COHoKo. 


Potassio Water. Butyl. Hydro potassio 
valerate. cnrbonate, 


2. When the ammonic salts of these acids are heated with 
phosphoric anhydride, they are converted into the nitriles or 
abnormal cyanides of the radicals of the C',Ha41 series— 


C.H _ fC 
{ COgtH, 0) + 2.0, = {gyi + 4PONo, 
Ammonic salt. Phosphone Nitrile Metaphorphoric 
anhydride, aord, 
as in the transformation of ammounic acetate into methylic 
nitrile by distillation with phosphoric anhydride :— 


CH CH, 
{ GONE.) + 2P,0, = { oN” + 4PO Ho. 


— 2 Se ee 
These abnormal cyanides are converted into monohydric 
alcohols by Mendius’s reaction (see p. 55). 
From the alcohols so obtained, the C,H;,,, radicals are iso- 
lated as described at page 53. 
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Relations of the Normal Fatty Acide to the C,H4,Ho Series of 
Alcohols. 


1. By oxidation the normal alcohols yicld these acids, as 
above shown. 

2. Conversely, the normal fatty acids can be converted into 
the C,,H,,,,Ho alcohols,— 

1st, by Mendius’s reaction (sce p. 55); 

2nd, by Piria and Wurtz’s reactions, viz. :— 

Distillation of the potassic salt of the fatty acid with an 
equivalent quantity of potassic formate, by which the acid is 
converted into the aldehyde, 


{ OH, (lt _ (Gn 
[COKo + ‘coke = (cor + COKo, 
Potassio Potassuc Aldehyde. Potasaic 
salt. formate, carbonate. 


and subsequent treatment of the aldchyde by nascent hy- 
drogen, 


f Cas a ( C,H., 
jcon” + 1 = | onic 
Aldehyde. aur 


3. By the action of sodium amalgam upon a mixture of the 
acid and chloracid :— 


3 om t Earn + CLT + 2Na, = 3 ( CLH.41 


COHo coc | CONao 
Acid, Chloracid. Sodic salt. 
C.H., 
Alcohol. 


The anhydride of the acid is also formed and converted, by 
the nascent hydrogen evolved by the action of the sodium upon 
the acid, into alcohol. 


FORMIC ACID. 12] 


Relations of the Normal Fatty Acids to cach other. Ascent of 
the Series. 
If the hydrogen constituting the positive part of formic acid 


were substituted successively by methy], ethyl, &c., tho whole 
serics of normal fatty acids would be obtained :— 


Formic acid......... { api : 
Acetic acid ........ {| GOlito: 
Propionic acid... | ao o 

Butyric acid ... . eis ; 


This substitution has not yet been accomplished; but an 
analogous serics of reactions has been cflected with acctic acid. 

By the action of sodium on acetic cther, one of the hydrogen 
atoms in the positive part of the compound becomes substituted 
by sodium, producing 

Monosodacetic ethor .. ... { Bok 

By acting on this body with the iodides of the C,H.,4; radi- 
cale, ethylic salts of the higher acids are produced. 

On submitting monosodacetic cther to the action of ethylic 
iodide, for instance, butyric ether is produced— 


CH.Na _ fe(c,u 
{ coo + GAL = { COFt: * + Nal. 
Monoeodacetic Ethyhe Butyric Pode 
ether. 1odide. ether, iudide, 
FORMIC ACID. 


| CoH or CHOMo. 


Molecular weight =46. Molecular colume (J). 1 litre of 
Sormic acid capour weighs 23 criths. Sp.gr. of liquid 1:2858. 
Fusce at 11°C. Boils at 100°C. 
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Occurrence.—If red ants be made to pass over blue litmus- 
paper and be at the same time irritated, they leave a red streak 
behind them, produced by the formic acid which they eject. 
By placing the hand on an ant-hill, a tingling sensation is felt 
from the same cause, and the hand acquires the powerful and 
pleasant odour of formic acid. 

Formic acid also occurs in the hairs of certain caterpillars 
and in the sting of nettles. 

Formation.—1. Formic acid is produced in a very large num- 
ber of chemical reactions, as in the oxidation of many organic 
bodies (such as starch, woody fibre, or tartaric acid) by a 
mixture of sulphuric acid and manganic oxide, or by potassic 
hydrate or chromic acid. 

2. By the action of potassic hydrate on chloroform, potassic 
formate is generated :— 


CHCl, + 4KHo = CHOKo + 8KCl + 20H, 


Chloroform. Potasaio Potsasio Potaasio 
hydrate. formate. chloride. 


8. By the oxidation of methylic alcohol :— 


re _ fH 
| GH Ho ae | GOH + OH, 
Methylic Formio Water. 
alcohol. avi 


4. By heating equal weights of dry oxalic acid and glycerin 
together to 75° C., when the oxalic acid splits into formic acid 
and carbonic anhydride :— 


COHo H 

{Cons = | GOHo + 60, 
Oxalic Formic Carbonio 
acid. ecid. anhydride. 


5. By digesting together at 100°, for forty-eight hours, 
potassic hydrate and carbonic oxide -— 


KHo + CO = | Goxo- 


Potassio Carbonic Potassio 
‘ hydrate. oxide. formate. 
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6. Formic acid is produced in small quantities by digesting 
carbon with permanganic acid. 

Formic acid from any of these sources is obtained in the 
concentrated state by decomposing plumbic formate with sul- 
phuretted hydrogen, and afterwards rectifying the acid over 
plumbic formate :— 


CHO,, |. H " 
Plumbic Sulphuretted Formic Plumbic 
formate, hydrogen. acid, sulphide. 


Character —~When heated with concentrated sulphuric acid, 
formic acid splits into water and carbonic oxide :— 


I 
{ Cotto = CO + OH, 


Formio Carbonic Water. 
acid. oxide. 


Chlorine converts formic acid into hydrochloric acid and car- 
bonic anhydride :— 


{ otto + Cl = 2HCl + CO, 


Formic Hydrochlorio Carhonio 
acid. acid. anhydride. 


When heated with excess of mercuric oxide, it is converted 
into carbonic anhydride and water, the mercury being reduced 
to the metallic state :— 


{ Hou, + HeO * CO, + Hg + OH, 


Formic Mercuric Carbonic Water. 
acid. oxide. anhydride. 


ACETIC ACID. 
CH, 
{ COHo° 
Molecular weight =60. Molecular volume [T_). 1 litre of 
acetic acid vapour weighs 30 eriths. Sp.gr.of liquid 1-064. 
Fuses at +17°. Boils af 117°... 
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Occurrence.—Found in small quantities in the juices of 
plants and in animal fluids. 

Manufacture—1. By the destructive distillation of wood, 
a liquid is obtained which contains acetic acid; the acid is 
purified by being converted first into a calcic, and then into. a 
sodic salt, the latter being afterwards decomposed by sulphuric 
acid. 


2. By the oxidation of etbylic alcohol :— 


CH, _ C8, 
tate Ho + 9 = | Golfo + OH, 
Ethylic Acetic Water. 
alcohol. acid. 


Preparation.—Pure acetic acid may be obtained by distilling 
potassic diacetate :— 


CH, CH, _ jen, 4 CH, 
COKo’ | COHo | COKo COHo’ 
Potassic diacetate. yoo Ace ue 


Character.—Chlorine acts on acctic acid in sunlight, pro- 


ducing three chlorinated acids, in which chlorine is substituted 
for hydrogen :— 


{ CH, 4 — fCT,ci | 
icone + ©. = (eoito + HC: 
peg Monochloracetic Hy} drorhloric 

(Sh + 0, = {SH + ey 

Monoc nlatece tre Perec Hydrochtoric 
act acid. 

( CHC, _ sec, 

| COHo + Ch = \eoto + HCl 

Dichloracetio Trichloracetic Wydrochlorio 
acid. acid. acid. 


The salts of acetic acid in which the hydrogen of the oxatyl 
is replaced by monad metals have the general formula 


{663 COMo'° 


PROPIONIC ACID. 125 


The acetates of the dyad metals have the constitution repre- 
sented by tho following general formula :— 


CH 

3 CMecO 
co-0O " ” ©Mec0-0 tt 
co.o™ or | Me Oo cm-0.0™ ° 


CH, Me 


By the action of phosphorous chloride, acetic acid yields 
acctylic chloride :-— 


CH, f Clr, 
3| Shi. 4 PC, 208 + POMIHo, 


| COC! 
Acetic Phosphorous Avetylic Phosphorous 
acid. chloride. chloride, avid, 


PROPIONIC ACID, 2lethacetic Acid. 
CMcII, 
COlfo * 
Molecular weight =74. Molecular volume (1). 1 litre of pro- 
pionic acid vapour weighs 37 criths. Boils at 141°. 


Preparation.—1. By the oxidation of metacetone—a liquid 
obtained by the distillation of a mixture of sugar and lime. 

2. By the action of concentrated solution of potassic hydrate 
on sugar. 

3. By the fermentation of glyccrin, and also of sugar, by 
means of putrid cheese in the presence of calcic carbonate. 

4. By the action of potassic hydrate or hydrochloric acid on 
abnormal ethylic cyanide (see p. 117). 

5. By the action of carbonic anhydride on sodic ethide 
(see p. 118). 

G. By the action of hydriodic acid on lactic acid :— 


{Som + ont = {GM . on, + 1, 
toni Byuodie yromcele Water. 
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BUTYRIC ACID, Ethacetic Acid. 
CEt 
| cons" 

Molecular weight =88. Molecular volume ([}. 1 litre of 
butyric acid vapour weighs 44 criths. Sp. gr. of liquid 
O'O886. Fuses below —20°. Boils at 161° C. 

Occurrence.—In butter, juice of flesh, perspiration, and many 
animal secretions. 

Preparation—1. By the fermentation of sugar with putrid 
cheese. 

2. By the action of ethylic iodide on sodacetic ether (for 

reaction, see page 121). 


VALERIC ACID, Valerianic Acid. 
CPrH, 
{ COHo’ 

Molecular weight =102. Molecular volume [JT]. 1 htre of 
valeric acid vapour weighs 51 criths. Sp. gr. of liquid 
0°937. Boils at 175°. 

Occurrence.—In many plants, as in the roots of valerian and 
angelica. 

Preparation.—By the oxidation of amylic alcohol with a mix- 
ture of sulphuric acid and dipotassic dichromate :-— 


C(C,H,)H C(C,H,)H, 

{ Getic ce a {corio’ + OH 
Amylio ; Valeric Water. 
alcohol. acid. 

Leomeric forme.—There are four possible isomers of valeric 
acid :— 

Normal valeric acid or CPrH, CH,(CH,[CH,(CH,)]) 

propacetic acid ...... | coe oF | COHo : 
H H H H 


dd bth ong 


teaid 
k 
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Isopropacetic acid ... | Golie” or {Solent 
H 
iockaedbedsted 
HG | it : ( 
i i 


Fanta CEtMell ate CH,(CH )] 
Methethacetic acid... | Colle or | CoH I (CH, 


H 
| 
Hu H-C—H 
| | 
iC FG 


HH ok OO 
i 
Trimethacetic acid ...{ Gott {GOH 
T 
HCH 


H 


| 
H—C———_C-——C=0 


i 6 


Of these, the normal, the isopropacetic, and the trimetha- 
cetic acid are known. 
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B. SECONDARY FATTY ACIDS. 


General formula... { COC Het) aH 


Formation.—1. By the action of tho iodides of the C,H.4: 
radicals on disodacetic ether, the ethereal salts of these acids 
are produced. 

2. By the action of a boiling solution of caustic potash upon 
the nitriles or abnormal cyanides of the secondary radicals. 


DIMETHACETIC ACID, or Isobutyric Acid. 


CMe, TI 
COllo ° 
Molecular weight =88. Molecular volume (TJ. 1 litre of 
dimethacetic acid vapour weighs 44 criths. Boils at 152°. 
Lsomeric with butyric or ethacetic acid. 


Preparation. —1. Asa potassic salt, by the action of methylic 
iodide on disodacetic ether and the subsequent decomposition, by 
alcoholic solution of potash, of the ethereal salt so formed :—~ 


( CNa H + Mel = { CMe,H 


) 
| COEto COEt. + 2Nal. 
Disodacetic Nethylie Dimethacetic Sodic 
ether. rudide, ether, iodide. 
CMe, H - { CMe, H 
2 = a 
Dimethacetio Potassc Potassic Alcohol. 
ether. hydrate. dimethacetate. 


2. By boiling isopropylic nitrile with solution of caustic 
potash :— 


CMe,H : 
{Gxeu + Kio + on, = {SMOH 4 wn, 


Isopropylio nitrile. Potassic dimethacetate. Ammonis: 
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Reaction.—By a hot solution of chromic acid dimothatetic 
acid is decomposed into carbonic anhydride and acetic acid :— 


CMe,H 7 CH, 
{Sou «+ 80, = 200, + 20m, + 1 Ouito* 
Dimethacetie acid. Acetic acid. 


Acetone is sometimes formed as an intermediate product. 


Diethacetic acid, { rane isomeric with caproic acid, and 


diamylacetic acid, { Sul isomeric with lauric acid, have been 


prepared by the substitution of ethylic and amylic iodides in 
the above reaction. 


C. TERTIARY FATTY ACIDS. 


ae CC, 141), 
General formula .. | eviie aap. 


Formation.—As ethereal salts, by the action of the iodides 
of the C,H,,,, radicals on trisodacetic ether. 


TRIMETHACETIC ACID. 


CMe, 
COHv’ 

Molecular weight =102. Molecular volume (T). 1 litre of 
trimethacetic acid vapour weighs 51 criths.  Leomeric with 
valeric acid. 

For the graphic formula of trimcthacetic acid seo p. 127. 
Preparation.—As an cthereal salt, by the action of methylic 
iodide on trisodacetic ether :— 


{ Gon + 8Mel = {con + 8Nal. 


COEto COEto 
Trisodacetic Methylic Trimethacetic Sodic 
ether. todide. ether. iodide. 
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CHAPTER XVII. 


THE ACIDS. 
2. ACRYLIC OR OLEIC SERIES OF ACIDS. 
General formula of normal and f ©(C,H;,)" (Cn. Han41) 
COHo ; 


secondary acids ... ........... 


This series is divided into normal, secondary, and olefine 
acids. In the normal acids m=O; in the secondary it must be 
& positive integer. 

Most of the normal acids exist as ethereal salts of glycerin in 
natural fats and oils. 

The following is a list of the acrylic series of acids :— 


A. NORMAL ACIDS. 


Acrylic acid ... ...........0.. {eolte, or {GoHe .o 
Crotonic acid................. {Goi - or { ote sH.,)’ H 
Angelie acid ............... {Gone or Cote oo 
Pyroterebic acid ............ | Golo. or { Goife H,) on 
Damaluric acid ................66.0 cece eeeeeeees C,H,,0.. 
Damolic acid ... 2.0.00. ccc ke cece ae C..H,0,. 
Moringic acid.......... ; CHO 
Cimicic acid eeu ae eee 
Physetoleic acid......... 
Hypogwic acid ......... rT ar Tor C,,H,,0.- 
Gaidic acid............... , 
inte ait carseeaectaes pees { one 
MAA IG BOI visi.5)cscasciss eit eaeeotenows C,,H;,0, 
Doeglic acid ce, gevesiccvsesenars ae netosteneees C,,H,,0,. 
Brass; de 

rasslc anos } saanaseaees: C,.H,0, 
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B. SECONDARY ACIDS. 


Methacrylic acid............ { a : Ie oy \ an em 1), 
Methylcrotonic acid ...... { ra alas or ie occ. vin (CH, ) 
Ethylcrotonic acid ......... Sout ee | ootic JCM), 


C. OLEFINE ACIDS. 
CMe" lf C(CiLy"H 
Ci! or 4CH. 
COllo j COHo 
Formation of Normal Acids—-1. By the oxidation of the 
alcohols of the viny] or C,11.,_,Ho series : -- 


{ CCW, "I 


{3 Crotonic acid .. 


C(C,H,,)"H _ 
jours + 98. = } Golto Ol, 
Alcohol. Acul Water. 


2. By the oxidation of the aldehydes of the acrolein or 


\eon serics :— 
©(C,H.,,)"H _ CC 1, H 
{eon a ee | Gotie : 
Aldehyde. Aud. 


Formation of Secondary Acids.—By the action of phosphorous 
chloride, phosphoric chloride, phosphoric oxytrichloride or 
phosphoric anhydride upon the ethereal salts of secondary 
acids of the lactic series, the elements of water are removed 
and the ethereal salts of the acrylic secondary division of acids 
produced :— 

Ho WH.) (C,H: 
a{ UG EanhHo pe m3 { BBs) (CHa 


Ethereal salt of Phosphorous Ethereal salt of 


the lactic series. chloride. the acrylic series. 
+ POHHo, + 3HCl. 
Phosphorous Hydrochioric 
acid. : acid. 


K2 
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Formation of Olefine Acids.—By the action of potassic 
hydrate upon the nitriles or abnormal cyanides of the C,H2,-1 
family of radicals :— 


, CMe’H CMe’H 
CH, + Kilo + Of, ={CH, + NU, 
CN" CO Ko 
Allylic nitrile. Potaasic Water. Potaasic Amm nia. 
hydrate. B crotonate. 


Relations of the Acrylic to the Acetic Series of Acids. 
The normal and secondary acids of the acrylic series, when 
treated with fused potassic hydrate, yield the potassic salts 
of two normal acids of the acetic series :— 


C(C,H,,)"(C, Hens) wae C(C,.Han+)H, 
icone mu + 2KHo = 1Goke = 


Acid of the acrylic serics. Potnansic Potassic salt of acid 
hydrate of the acetic series. 
CC, -H»,_;) 
a2 AF tn 3J AQ 
5 { COKo + H.. 


Potassec salt of acid 
of the acetic series 


All the members of the acrylic series found in nature give 
acetic acid as one of the acids produced in this reaction. 
From this and other considcrations, it is believed that their 
positive radicals all contain one atom of hydrogen and a dyad 
radical. They are normal acids; and by the action of fused 
potassic hydrate the dyad radical becomes substituted by two 
atoms of hydrogen. Thus :— 


CMe"H : ( OH, H 
{ G0lto eee one | COKo + | GOKo + H, 
Acrylic acid. Potassic Potassic Potassic 
hydrate. acetate. formate. 
CEt"H CH, CH 
{Conte + 2KHo = | cake + | coke + H,. 
Crotonio Potassic Potassic Potassic 
acid. hydrate. acetate. acetate. 
CPr'H | oy CH, CMeH, 
Cons Sas | coke + { Goke + H,. 
Angelic Potassic Potassio Potassic 
acid, hydrate. acetate. propionate. 
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Some of the secondary acids also give acctic acid when treated 
with fused potassic hydrate; but this can only happen when 
the dyad radical is ethylene, thus :— 


| GOH 4: °K Ho — { CMcll, + f Ht 7 4: Il, 


COHo COKo | COKo 
Methaorylio Potaasic Potaanic Potasan 
acid. hydrate. propionate. formate. 
CEt' Me 9 f CMell, Cll, 
| CoH = RHO = CKo: {Goke + HU, 
tonicecid; = hydente, == propionate. neva, 
CEt” Et 9 _ f CEH, (Cll, 
| CoHo + 2KHo =) GOKo +1 C0Ko + HU. 
touicecid. © hydrate. === utyratr, neva. 


ACRYLIC ACID. 
( CMe"H 
| COL * 
Molecular weight =72. Boils at about 100°. 


Preparation.—By the oxidation of acrolein with argentic 
oxide :-— 
CMe'H _ f CMe'll 
| Cont + OAg, = i coHo + ABs 
Acrolein. Argentic oxide. Acrylic acid. 
Reactions. —1. Acrylic acid, under the influence of nascent 
hydrogen, produces propionic acid :— 
CMe"H oa: ae CMeH, 
COHo 2 ™~ | COHo * 


Acrylic acid. Propionio 
acid. 


2. Acrylic acid also combines directly with bromine, pro- 
ducing dibromopropionic acid. 
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OLEIC ACID. 
C(C,,H,,)'H 
COHo. 
Preparation.—Obtained in the purification of stearic acid. 


Reaction.—Heated with potassic hydrate, it gives potassic 
acetate and palmitate :— 


C(0,,H,,)"H : 0,H,)H 
{ COHo” +2KHo= {eo COKo +{ oor we +H. 
Oleic acid. Potassic Potassic | OOK aan 


hydrate. acetate, 


CHAPTER XVIII. 
TUE ACIDS, 
3, LACTIC SERIES OF ACIDS. 
General formula of normal and secondary acids :— 


C(C, u out )(CypH ey 41) Ho, 
COH 


Tn the normal acids » in this formula =0; but in the secon- 
dary acids it must be a positive integer. 

The members of the lactic series may be defined as acids 
containing one semimolecule of oxaty], the fourth bond of the 
carbon of which is united with the carbon of a positive group 
containing one semimolecule of hydroxyl, or of the peroxide 
of a monad organic radical either positive or negative. The 
following examples will serve to illustrate this definition :— 
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H ' H 
° H—C—Il a 
H 
= ae ( =() 
—H i | 
“- | | | y 
| HC =—=C=H H | 
C=O | | | 
j H | H{—C— —C--II 
C=0 | | 
| | H | 
H QO CoO 
Lactic acid | | 
Hl 0) 
Mathys] lacte | 
ucid . 


Aceto lactic 
ren 


The acids of this series at present known, or which could 
be obtained by obvious processes, are classified into the fol- 
lowing eight divisions :— 


- Normal Acids. 

. Etheric Normal Acids. 

. Secondary Acids. 

. Etheric Secondary Acids 
Normal Olefine Acids. 

. Etheric Normal Olefine Acids. 

. Secondary Olefine Acids. 

. Etheric Secondary Olefine Acids 


conc Ph eg NO Ee 


Ist. Normal Acids.—A normal acid of the lactic series may 
be defined as one in which an atom of carbon is united with 
oxatyl, hydroxyl, and at least one atom of hydrogen. The 
general formula of these acids is therefore 


CRHto 
COHo ° 
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In this formula B may be either hydrogen or any monad 
positive organic radical. The number of acids possessing 
the same atomic weight, and belonging to this division, is 
determined by the number of isomeric modifications of which 
the positive organic radical is susceptible. Thus, of the acids 
containing two, three, or four atoms of carbon, there can be 
only one of each belonging to this division, because these acids 
cannot contain a positive organic radical higher in the serics 
than ethyl, and this radical is not susceptible of isomeric 
modification; but a normal acid containing propyl can have 
one isomer in this division, the two acids containing respec- 
tively propyl (CEtH,) and isopropyl (CMe,I{). For acids of 
this division containing normal positive organic radicals only, 
the following gencral graphic formula may be given :— 


H fe 
| |! 
H—O—C —C | : H 
| | 
0 0 Wj. 
| 
tf 


In the case of glycollic acid n=0, 
The following are the acids at present known belonging to 


this division :— 


Glycollic acid ..........0000 { Go 
Lactic acid sseesemnes | GOHO 
Oxybutyric acid ............ { Baue 
Valerolactic acid...ses..s | Golo 
Leucic acid ......ccccseceeees { Boe 


2nd. Etheric Normal Acids.—An etheric normal acid of the 
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lactic, series is constituted like a normal acid, but contains a 
monad organic radical, positive or negative, in tho placo of the 
hydrogen of the non-ovatylichydroxyl. The following is there- 
fore the general formula of these acids: in the graphic formula 
n, a8 before, may =0. 


H H 
| | |  CIITRO 
ea ae | lI or l COL. oy 
Oo 0 eer 
| 
nua 
R 
The number of possible isomers belonging to this division is 
very great; for, in addition to those of which the normal agids 


containing R of tho eame value are susceptible, a host of others 


f + 
must result from the complementary variation of # and B. 
The lowest member of the division, methylglycollic acid (iso. 
meric with lactic acid), is the only one incapable of isomeric 
modification. 
The following examples will serve to illustrate the constitu- 
tion of the acids belonging to this division :— 


ee Cli,M 
Methylglycollic acid............ { Co; rae 
a CMellEt 
Ethyl-lactic acid ......... ..... COHo 


* 
Aceto-lactic acid ............00. { Son : 


8rd. Secondary Acids.—A secondary acid of the lactic series 
is one in which an atom of carbon is united with oxatyl, hy- 
droxyl, and two semimolecules of a monad positive organic 
radical. The general formula of these acids is :— 


* Aco= peroxide of acetyl, C,H,O,,. 
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| w {ghge 
| 


In the graphic expression, the values of n and m may differ ; 
but both are positive integers, and neither may =0. In the 


symbolic formula ® must be a monad positive organic radical. 
The following examples will serve to illustrate their constitu- 
tion :— 


Dimethoxalic acid ..... ...... { Gon 
Ethomethoxalic acid ...... .. { sone 
Dicthoxalic acid .......s-.0.-+ | Sot 


The number of acids possessing the same atomic weight, and 
belonging to this division, is determined, first, by the comple- 
mentary variation of the two positive radicals, and, secondly, by 
the number of possible isomers of these radicals. The lowest 
two terms of the series are alone incapable of isomeric modi- 
fication by either of the causes mentioned. 

4th. Etheric Secondary Acids.—These acids stand in the 
same relation to tho secondary as the etheric normal to the 
normal acids; they consequently contain a monad organic 
radical in the place of the hydrogen of the non-oxatylic hy- 
droxyl. The following is therefore the general formula of 
these acids :— 
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i i CRE 

‘ 2 O 

i a ’ H or | OviLe 
Fag =O (HJ. 


Sth. Normal Olefine Acids,—A normal olefine acid belonging 
to the lactic series is one in which the atom of earbon united 
with oxatyl is not combined with hydroxyl, and in which the 
atom of carbon united with hydroayl is combined with not less 
than one atom of hydrogen. The following aro the general 
graphic and symbolic formulm of tho acids belonging to this 
division :— 





(11) i 
| | CRIT] 
H—O—C | C C—O—IL or 4 (CH), . 
| | COlLo 
6) (Hj. 


In both these formula 2 must be a positive integer and 
cannot =0, but k may be either hydrogen or a monad positive 
organic radical. The olefines of these acids may belong cither 
to the ethylene or cthylidene serics. 

The following are the only acids at present known belonging 
to this division :— 

CH, .. 

COlfo 
CH,Ho 


Son 


The number of isomers in this division will obviously depend, 


Paralactic acid ...  —...... 


CH Ho 


Paraleucic acid .. ........... 
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first, upon the complementary variations of B and (CH,),; 


secondly, upon the isomeric modifications of which B 18 BUS- 
ceptible; and thirdly, upon the isomeric modifications of 
(CH,).. 

6th. Etheric Normal Olefine Acids.—These acids only differ 
from the normal olcfine acids in having the hydrogen of the 
non-oxatylic hydroxyl replaced by an organic monad radical, 
positive or negative ; their general formula is therefore, 


Ah) H + + 

l | P CRHRo 

H—O—C | C| C—O—R or 4+ (CH,)",. 
| | | | COHo 
0 (dl In i 


As in the fifth division, m must be a positive integer and cannot 
x=(), whilst ik may be cither hydrogen or a monad positive 
=a 


organic radical; but must be a monad organic radical, 
cither positive or negative 

7th. Secondary Olefine Acids —A secondary olefine acid of 
this series is one in which the atom of carbon united with 
oxaty] is not combined with hydroxy], and in which the atom 
of carbon united with hydroxyl is also combined with two 
monad positive organic radicals, as shown in the following 
formule :— 


+ 
(H R r 
| | CR,Ho 
H—O—C Cc C—O—H or < (CH,)",. 
T | | COHo 
O iH), # 


In both of these formule 2 must be a positive integer and 


cannot =0, and R must be a monad positive radical. 

8th. Etherjc Secondary Olefine Acids ——These acids are 
related to the secondary olefine acids in the same way as the 
sixth division to the fifth. No member of the seventh or eighth 
division has yet been formed. 
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Formation of the Normal Acids.—1. By the oxidation of 
the glycols, or dihydric alcohols. 
CH,Ho _ fCH,Ho 
| GHite Se | oolls + On, 


Glycol. Glycolhe Water. 
aod. 


2. By the oxidation of the C,,H.,,,;Ho alcohols :— 


f{ CH _ f CH,Ho 
(|CH'Ho + % = | oolls + Ol, 
eee lycollic Water. 


3. From the fatty acids, by converting them first into chloro- 
substitution acids, and then acting upon these compounds with 
potassic hydrate :— 


C(C.Hx4:)H, (CCM )HC 
{ore + Cl = 1 oblio nS te NCH 


Fatty acid. Chlorofatty acid. H yierehbine 
wend, 


CCH HCl . pqe _ [CCC Hayy) Ho 
| Cotte me Bom {| Cotte i + KCl. 


Chlorofatty acid. Potasma Norinal acid of the Potaasic 
hydrate. lac tie series. chloride. 


Formation of Secondary Acids.—By the action of the zine 
compounds of the monad positive organic radicals upon ethylic 
oxalate, and the subsequent addition of water :— 


C(C IH : "C., 
| GOEL + 2Zn(C,,Hon41), = icone C,, 1,419) 


Ethylic Zinc compound of 
oxalate. monad radial, 


+ Zn(C,i1,4:)Eto ; 
C(C.H;,4,),(Zn"C,H:, 4:0)  § O(C,Ma41),1o 
{ coke" HO) + 2011, = {Cone 


Water. Becondary acid. 
+ it + ZnHo.. 
Hydride of Zincic 
radical. hydrate 


Forsation of Olefine Acids.—By uniting a dyad positive or- 
ganic radical with carbonic oxydichloride (phosgene gas) under 
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the influence of sunlight, and subsequently acting upon the 
product with potassic hydrate :-— 


» { CHL, CHCl 
{oH 5 Neha as CH (COC)? 
thylene. varenie cry dr: B ones i il 
CH,Cl se CH H 
2 < = gitO . 

{ CIL(cocy + 8KHo | GHYCOKe) ARC OH s 
B paler onylio Potassic otassic Potasme Water. 

chloride. hydrate. paralactate. chloride. 


Relations of the Lactic to the Acetic Series of Acids. 


1. The transformation of the acetic or fatty into the normal 
lactic scrics of acids has been mentioned above (p. 141). 

2. The converse operation is effected with the normal and 
‘secondary acids of the lactic series by means of hydriodic 
acid :— 


( O(C,H. 1 \(C,, H., yo : — CC, HL, (C,H, H 
\ COHo 7 +2 = J CUllo +1 nth) 


Acid of lactic series Hydrodie Acid of acetic seres, 
al 
+ OH, + I, 
Water. 


If m does not =0, the fatty acid will be a secondary one, 
like the member of the lactic series from which it is derived. 


Relations of the Lactic to the Acrylic Series of Acids. 


If the ethereal salts of the secondary acids of the lactic series 
be treated with phosphorous chloride, phosphoric chloride, 
phosphoric oxychloride, or phosphoric anhydride, the ethereal 
salts of the secondary acids of the acrylic series are produced :— 

C(C,Hy41)(C.. Hoey) Ho 9 { C(CHai XK CnHn)” 
31 Conte e+ POL 3 | Sosa 
Ethereal salt of lactic series. a sh a Ethereal salt of acrylic series. 
+ POHHo, + 8HCl. 


Phosphorous Hydrochloric 
acid. acid. 


This reaction has not yet been accomplished with the normal 
acids of the lactic series. 
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A secondary lactic acid minus OH.== an acrylic acid. The 
reverse of this operation has not been performed. 


LACTIC ACID. 
{ CMeHHo 


COHo 
Sp. gr. of liquid 1215. 

Oceurrence.—In sour milk, Sauerkraut, fluids of muscular 
tissue, gastric juice, saliva of diabetic pationts. In the acid 
liquor of starch-factories, in blood, urine, tears, bile, &c. It is 
also a general product of putrefactive fermentation. The acid 
contained in animal fluids is paralactic acid (see p. 145). 

Preparation.—By fermenting sugar with putrid cheese. 

For other processes, see pages 147 and 148. 

Its salts have the following general formule :— 


{ CMcHHo 
CMcHHo | CO0-0, ” 
COMo ° j CO0-.O7 * 
| CMcHHo 
Salts of monad metals, Salts of dyad metals. 


Tsomerism in the Lactic Series. 


The synthetical study of tho acids of this series affords an 
insight into numerous and interesting cases of isomerism. 
Commencing with the lowest member of the series, wo have 
for glycollic acid the formula 


i 


| 
oo 


=O 


144, THE ACIDS. 


An inspection of this formula shows that glycollic acid 
admits of no isomeric modification, except with a total change 
of type. The part of the formula below the dotted line repre- 
sents oxatyl, which cannot be altered without sacrificing the 
acid character of the compound ; there remains therefore only 
the part of the formula above the dotted line, which admits of 
the following modification :— 

I 


n(n 


| 
O 


The acid represented by the formula so modified no longer 
comes within the definition of the lactic series. It is carbo- 
methylic acid, and differs essentially from glycollic acid and 
the lactic series in general, inasmuch as the carbon of its 
negative radical, oxaty], is linked to the carbon of the positive 
radical by oxygen *. 

* Bearing this constitution of carbomethylic acid in mind, we have only 
to go one step further in order to perceive the constitution of carbonic acid 
itself, and the explanation of the anomalous basicity of this acid; for if, in 


the above graphic formula for carbomethylic acid, we replace the methyl by 
hydrogen, we have :— 


iH 
1 —Ii H 
' b 
( =O b—0 
an ‘ 
i i 
Carbomethylie acid. Carbonic acid. 


Tt is thus evident that the radical oxatyl, when united with hydroxyl, has 
sufficient negative power to produce a feebly dibasic acid; but inasmuch as 
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There being no decisive evidence that homolactic acid differs 
from glycollic acid, experiment and theory both agree in 
asserting that the formula C,H,O, represents only one acid in 
the lactic series. 

Proceeding now one step higher in this serics, we have in 
the formula of lactic acid an expression capable of the following 
three variations without quitting tho lactic type :— 


No. 1. No, 2. No. 3. 
H H i 
H é b bo 
| | { | 
H—C—C— If H—C—H \ 
| | 
HH est H—C—H MT—~—C—H 
| 
O boo ie 


i 6 


Or, expressed symbolically :-— 


No. 1. No. 2. No. 3. 
CMeHilo f CILHo ‘ cH { ClI1,Meo 
COHo CiL(CONo) CUilo | Colo * 


All the acids represented by the above formula are known. 
The first expresses the constitution of lactic acid, which 


+ 
th al divisi ORHT9) f the serics 
belongs to the normal division ( | Golo 0 ries, 


described at page 135; the second shows the atomic arrange- 
ment of paralactic acid; whilst the ghird represents methyl- 
glycollic acid. The proof that the first two of these acids are 
80 constituted is afforded by the synthetic processes sometimes 


nay eye 


carbonic acid is not included in the category of organic acids, it forms no 
exception to the law that an organic acid containing x semimolecules of 
oxatyl is n-basic. 

VOL. 11. L 
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employed to produce them ; for ethylidenic cyanhydrate is con- 
verted by ebullition with potash into a salt of lactic acid, 
whilst ethylenic cyanhydrate is transformed under similar cir- 
cumstances into paralactic acid. It has also been mentioned 
above, that paralactic acid is produced by the action of phos- 
gene gas upon ethylene. Now the formation of ethylidene, or 
rather of its compounds, scarcely leaves a doubt that this body, 
if isolated, would have the following atomic constitution :— 


H 

| 
a ts or {oat 
H—C) 


it would consist of a semimolecule of methyl] and an atom of 
hydrogen, both united with an atom of carbon two of the 
bonds of which satisfy cach other. Thus the formation of 
ethylidene chloride from aldehyde and phosphoric chloride 
takes place as follows :— 


{ Guo + PC] = { Citi, + POCI,, 
Aldehyde Phosphone Ethylidenic Phosphoric 


chlonde chloride oxytrichioride. 


the oxygen in the aldehyde being simply replaced by chlorine. 
There now only remains one possible formula for ethylene, viz. 


H 
a ii { oH. 
Scat CH, 
H 


Such, then, being the eonsitation of ethylidene and ethylene, 
it follows that the former ought to give rise to an acid of the 
constitution shown in formula No. 1, whilst ethylene should 
produce an acid agreeing with formula No. 2. The acids 
actually produced from these sources are lactic and paralactic 
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acids; hence No. 1 is the constitutional formula of lactic acid, 
and No. 2 that of paralactic acid—a conclusion which harmo- 
nizes perfectly with all the reactions in which the production 
of these acids can be traced. Thus in the formation of lactic 
acid by the oxidation of propylic glycol, we have 


CMeHHo CMeHHo : 
{OH Ho - <= {cole + Ol, 
Propylic glycol. Lactic acid. Water. 


Again, in the production of this acid from ethylidenic cyan- 


hydrate, 
j CH, - _ { CH, 
| CHHo(CN”) +KHo+ OH,= | GHito(COKo) aye 
Eth dente Petseee Water. Potasaic lactate. Aminonia. 
cyanhy: : y , 


The formula given for potassic lactate in this equation ix only 
upparently different in type from that previously used for lactic 
acid, since 


= CMellHo(COKo) = CMel{Ho 


CH 
OH Ho(COKo) COKo 


In the reaction by which chloropropionic acid is transformed 
into lactic acid we have the following change :— 
CMelHICl _ | CMeliHo pa 
{Gone + 2KHo={GoK | + KCl + OH, 


Salonen: caren dae Potaasic lactate. sheer Water. 

The production of lactamic acid (alanin), and that of lactic 
acid from the latter by the action of nitrous acid, are also 
clearly confirmatory of the above view. 


[ SB ny tNCH+0H,+HCl— { SQnn 1) +NH,C 
— »_- Hydrocranie Water. ctor sore va Ammosie 


{ QMcH ON" HL) + NOHo = [oxenes + OH, +N, 


COHo 

Eactamic acid Nitrous Tactic acid. Water. 
(alasin). acid. 

12 
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Not the least interesting reaction illustrative of the consti- 
tution of lactic acid is the formation of this acid by the action 
of nascent hydrogen upon pyruvic acid :— 


COMe H = { CMeHHo 
COHo + “ = 1COHo ° 
« Pyruvie acid. Lactic acid. 


In a similar manner it can be demonstrated that the above 
formula No. 2 expresses the constitution of paralactic acid, 
which belongs to the fifth or olefine division of these acids, 


et 
{ CRITHo or (CHY"., 
(CH,)",.(COHo) GOH . 


That paralactic acid possesses this constitution is proved, 
first, by its production from cyanhydric glycol— 


{| OlcN” + KHo + ON, = oo + NH,; 

CH(CN”) ae ; 
Cyanhydric Potassa Water. Potassio Ammonia, 
wiycol. hydrate. paralactate. 


secondly, by its formation from phosgene gas and ethylene 
(see p. 142); and thirdly, by its conversion into malonic acid by 
the oxidizing action of dipotassic dichromate :— 


on ‘5 ao - 
H + ,_= H, fe H.. 
CoH COHo : 
Paralactic acid Malonic acid, 


By the action of water upon the chloride of 6 chlorpropionyl, 
a body of the composition of chloropropionic acid is obtained ; 
but inasmuch as this body yields paralactic acid by ebullition 
with potash, whilst chloropropionic acid gives under the same 
circumstances lactic acid, it follows that the former chloro-acid 
must be isomeric, and not identical, with the latter. N ow, 
although the formula of propionic acid does not admit of any 
isomer, yet that of chloropropionic acid does, as is seen in the 
following graphic formule :— 
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No. 1, No. 2. 
Cl 


nbn } id —Iil 


oban H—C—H 
C=O j—O 


6 4 
i i 


A comparison of these formule with those of lactic and para- 
lactic acids (p. 145) shows at a glance that No. 1 is the 
chloropropionic acid which yields lactic acid, whilst No. 2 is 
iso-chloropropionic acid, which, by the substitution of its 
chlorine by hydroxyl, must yicld paralactic acid. By tho action 
of nascent hydrogen, both isomeric chlorides will obviously 
produce the same propionic acid. 

The cause of the isomerism of methyl-elycollie acid (No. 3, 
p. 145) is so obvious as to require no further explanation. 
Proceeding to the next higher stage in the series, such is the 
rapid increase of isomeric forms, that we now encounter no less 
than eight possible isomers, all within the lactic family. 


Ethene normal 
Normal. eas barat (once arene nee cennemnemerweneen tertae tate ty, 
No. 1. s No 2. No at, No. A, 


CEtIiHo CMe Ho Cil Eto f OMcHLMeo: 
COHo COHo ° COllo * (COL 


Novinal olefine. 
~ Etheric oe olefine. 
No. 6. No. 


o 7. 

Cc Ho CH, Ho CMel io CH, Meo 

oi CMeH. 1 Si CH Me 
Colo 





CH, COHo COHo 
COHo 


Of these acids, Nos. 1, 2, and 3 are known. No. 1 is oxy- 
butyric acid; No. 2 is dimethoxalic acid, which is identical 
with acetonic acid. This being the case, the formation of the 
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latter by the action of hydrocyanic and hydrochloric acids upon 
acetone is easily intelligible :— 

CH, _ { CMe,Ho 
{ GoMe + NCH + 20H, + Hel = { GOGH? + NH CL 
one sad t faa ee chionie seid. siceapealis acid 

The third of the above formule is that of ethyl-glycollic acid. 

Of the possible acids containing five atoms of carbon, only 
two, viz. ethomethoxalic acid and valerolactic acid, are known. 
The cause of the isomerism of these two acids is seen at once 
from an inspection of their constitutional formule :— 


na a CEtMeHo 
Ethomethoxalic acid ...... { COHo 


{ CPrHHo 


Valerolactic acid...... COHo 


Of acids containing six atoms of carbon, the following three 
are known :— 


Leucic acid ..... ........ aoe 

Diethoxalic acid ............ { Soke 
CH,Ho 

Paraleucic acid... ........ On H ae 


The above formula for leucic acid is founded upon a reaction 
for the synthetical production of amidocaproic acid from valeric 
aldehyde and hydrocyanic acid. Valeric acid contains butyl ; 
consequently valeric aldehyde has the constitution expressed by 


the formula { ann ; and the reaction in question is therefore 
explained by the following equation :— 


‘Bu CBuH(N"H,) 
CO(N'H,) +NCH+0H,+HC= { aon: +NH,Cl. 
Ammonic 
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Such being the rational formula of amidocaproic acid, its trans- 
formation into leucic acid by nitrous acid determines the con- 
stitution of leucic acid :— 


CBuH(N’’'H,) CBullHo 


Amidocaproic acid. Nitrous acid. Leueic acid. Water. 


CHAPTER XIX. 
THE ACIDS 


4. PYRUVIC SERIES. 


General formula...... raat ae nt) ; 


In this formula n may =0. 
The following list contains all the known members of this 
series :— 


Pyruvic acid ............ aE Boils at 165°. 
Convolvulinoleic acid... {Colle Fuses at 42°. 
Jalapinoleic acid...... ‘“ Cote 65°. 
Ricinoleic acid... ..... { COC te) 


Pyruvic acid only is well known. 
The first member of this series would have the formula 


{ SOF . This acid is believed to bo formed by the dehydration 
of glyoxylic acid; but its existence has not yet been satisfactorily 
demonstrated :— 
CHHo, COH 
Glyorylic acid. Glyoxalio acid. 
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The aldehyde of this acid, however, is known. It is called 
glyoxal, and its formula is :— 
COH 
COH’ 


Glyoxal is produced by the oxidation of ethylic alcohol by 
nitric acid :— 
| GH +. Ot | Goll + 20H,. 


CH Ho COH 
. Ethyl Glyoxal. Water. 
alcohol. 


These acids are the semi-kctones of oxalic acid, and they stand 
in much the same relation to this acid as that which acetone 
occupies with regard to acetic acid :— 


CH, - CH, 
| Golto’ COMe’ 
Acetic acid. Acctone. 
( COHo. COMe 
| COHo' CO 
Oxalic acid. Py ruvic acid, 


The pyruvic scries is also closcly related to the lactic series ; 
pyruvic acid absorbs hydrogen and is converted into normal 
lactic acid :-— 


COMe a; CMcHHo 
COHo 2 7 COHo ° 
gotta roy 


5. THE GLYOXYLIC SERIES OF ACIDS. 


t CH Ho 
General formula... colle | C-H..Ho, 
) 


In the second formula » may =0. 
The two following acids of this scries are known :— 


Formula. Physical condition. 
Glyoxylic acid ... { Gone: Syrupy, crystalline hydrate. 


Glyceric acid | Gis 
ceric acid ..,... HHo. Ss : 
y CO, yrupy 
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These acids are trihydric, but monobasic, and aro related to 
the glycerin series of alcohols in the same way that the mom- 
bers of the lactic series are related to the glycols :-— 


CH,Ho CH Ho 
CH, Ho’ Colo’ 
Glycol. Glycollie acid. 
CH,Ho CHL o 
CHHo. Cilio. 
CH,Ho COllo 
Glycerin. Qlyceme acid. 


By a reaction similar to that which is believed to produce 
glyoxalic acid from glyoxylic acid, glyceric acid yiclds pyruvic 


acid :— 
CI Ho Cu, 
CHHo — OL, = 1° , 
COHo COlo 
Glyceric acid. Pyruvie acid 


CHAPTER XX. 
THE ACIDS. 
6. THE BENZOIC OR AROMATIC SERIES OF 
ACIDS. 


General formulas... Sar. 


Formation—1. By the oxidation of the aromatic or 
C,H,,-;Ho alcohols = 


C.H, CLL, 
cH + % = { CoHo + OH: 
Bensylic alcohol. Benzoic acid. 


2. By the oxidation of the aromatic aldehydes. Thus benzoic 
acid is formed from benzoic aldehyde, or oil of bitter almonds 
(see p. 112). 


154 THE ACIDS, 


8. By the action of alkalies on the nitriles or abnormal 
cyanides. Thus potassic benzoate is formed by the action os 
potash upon Benzonitrile :— 


C,H i ‘ 
{GN* + KHo + OH, = {Gde> + NH, 
Benzonitrile. Potassic benzoate. Ammonia. 


4, By the action of sodium and carbonic anhydride on the 
bromides of the C,,H.,_, radicals :— 


C,H,Br + Na, + CO, = { Bd ttao + NabBr. 


Phenylic bromide or Sod:c benzoate. 
monobrombenzol. 


5. Some members of the series are produced by the oxidation 
of the hydrides of the C,H.,,,_, radicals :— 
C.MeH, + 0, = { bua + OH, 
a 2 COHo ; 
Dimethyl-benzol. Toluylic acid. 
6. The acids of the aromatic series may be obtained from the 
monamines of the series containing one atom less of carbon. 
Thus Phenylamine, when distilled with oxalic acid, produces 
phonylformamide :— 


{ COHe + NH,(C,H,)= NH(C,H,)((CHO) + OH, + CO, 
Oxalic acid. = Phenylamine. Phenylformamide. Water. Carbonic 


anhydride. 
Phenylformamide, by the action of -heat, gives water and 
benzonitrile :— 


WH(C,H,)(CHO) = OH, + 1 ow”: 
Phenylformamide. Bensonitrile. 
Benzonitrile, heated with potassic hydrate, gives potaasic 
benzoate and ammonia :— 


C.H, had 
{on + KHo + OH, = { Sdko + NH, 


tril ———" 
Bensonitrile. : t) pomeae. Ammonia. 


Tolaylicacid, | Serle» can thus be obtained from toluidine, 
WH,(C.H,Me). 


BENZOIC OR AROMATIC SERIES. 185 


The following terms of this series are known :— 


Melting- Boiling- 





point. point. 
Phenoic acid ...... CH) cree 60°. —e 
Collinic acid... . { Sri. (pussex 7 —— 
Benzenic acid ...... above...110°. 285°. 
Benzoie acid .....c...s. { (ee 121°-4, 289°. 
Toluylic acid ............ ae sera 175°. —— 
Alpha-toluylic acid ..... { re See ebeate: 76°5. 265°5. 
103°°0. 278°. 
ae C.MeH, o. 
Xylic acid ............... COMo coe Paes 
Alpha-xylic acid ......... See 42°0, —— 
Cuminic acid ........ sO, 92°0.. —— 
| COHo 
Alpha-cymic acid ...... i ra “il, igs —_ — 


These acids have the same constitution as those of the acetic 
series, but contain the C,If,,_, radicals. 

They have been much less studied than the acetic series ; and 
further investigation will probably bring to light other series 
holding towards them the same relation as the acrylic, glycollic, 
pyruvic, and glyoxylic series bear to the aceticseries. Already 
an acryloid acid of this section is known corresponding to 
alpha-xylic acid :— 


(C,H) O(C,H,)"H 
{ COHo ar { COHo ; 
Alphe-rylie acid. Cinnamic acid. 


Cinnamic acid is decomposed, like the acids of the acrylic 
series, when heated with fused potassic hydrate ; it gives, under 
these circumstances, potassic acetate and benzoate. For the 
analogous reaction in the acrylic series see p. 182. 
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Atropic acid, obtained by the action of alkalies on atropine, 
has the formula { ea °? and is isomeric with cinnamic acid. 


Salicylic acid (with which oxybenzoic acid and parabenzoic 
acid are isomeric) is the lactic acid of benzoic acid :— 


C,H, { C.H,Ho., 
COHo COHo ? 
Benzoic acid. Salicylic acid. 


and the oil of meadow-sweet (Spirea ulmaria) is generally re- 
garded as the aldchyde of salicylic acid :— 


C,H Ho 
COH ~- 


Oxymethyl-phenylformic acid is the lactic representative of 
toluylic acid, from which last-named acid it is prepared. Its 
constitution will be understood from the following graphic 
formula :— 








H 

020 00H 
CII, Ho | 
Cll = H 
COlio H—C C—H 
lt 4 

H—C—C C—O— 
Oxymethyl-phenylformic acid. 


The following acids also probably belong to the phenyl-lactic 
series :— 


os 
Ss ‘ : C,H,O 
: [ Cresotie Ot { COlo" 153°. 
iotantcs C,H,Meo 
2 | ani SiC acid Tere rT rer try ree { OH o oft 175° 
Paraphloretic acid ......... { as oe —_— 
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BENZOIC ACID. 
{ C,H, 
COHo* 
Molecular weight =122. Molecular volume (1). 1 litre of 
benzoic acid vapour weighs 61 criths. Fuses at 1214. 
Boils at 239°. 


Occurrence.—In many balsams and gums. In putrid urine. 
Preparation.—1. By the oxidation of oil of bittor almonds 


(p. 112). 
2. By the action of fused potassic hydrate on cinnamic 


acid :— 
{ oor” Hoy oKIo = 5 + {ODE + I, 


Co Ko CU Ko 
Cinnamio Potasaic Potasuc Potassic 
acid, hydrate. acetate. be nzvate. 


8. By boiling hippuric acid with hydrochloric acid :— 
C,H.NO, + OH, = {coe 4 [Of 


| COMO" 
Hippuric Water. Glycollamio Benzoic 
acid, acid, acid. 


4. By the action of oxidizing agents on casein or gelatin. 

5. From gum benzoin, by sublimation, or by extraction with 
potassic hydrate and subsequent precipitation of the acid by 
hydrochloric acid. 

6. Styrol treated with a solution of potassic permanganate 
gives benzoic acid and carbonic anhydride :— 


cH, + 0, = {Si 4 oo, + on, 
8tyrol. phar iad acnrena: Water. 


Gallic acid is a tetrahydric monobasic acid of the formula 


C.H,Ho, 
COHo ° 


It may therefore be regarded as benzoic acid in which three 
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atoms of hydrogen have been replaced by three semimolecules 
of hydroxyl. 

Tannic acid is obtained by the abstraction of one molecule 
of water from two molecules of gallic acid. Its constitutional 


formula is :— 
COHo 
C,H, Ho, 
O° 


| ORE, 


CHAPTER XXII. 


THE ACIDS. 


DIBASIC ACIDS. 


General formula... A(COHo), or {| Scola 


A and B being dyad radicals containing C,H,,O, 

These acids all contain two semimolecules of oxaty] ; and if 
in the general formula », m, and ? =0, oxalic acid will be the 
first term of the series. 

Formation —Many of the dibasic acids are produced by the 
oxidation of substances, the molecules of which are richer in 
carbon, such as oils and fats. Others are found ready formed 
in nature. 

Reactions.—1. By the action of dehydrating substances, and 
even sometimes by heat alone, these acids lose water, forming 


anhydrides :— 


A(COH A(CO 
| BicoHs, = OH, + { B(c0°): 
Add. Water. 
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2. If the anhydride be submitted to the action of phosphoric 
chloride, an atom of oxygen is replaced by two of chlorine :— 
A(CO — fA(COCI) 
{prco?) + PCL = {Bicoch + POOL 
Anhydride. Phosphoric Chloride. Phosphoric 
chloride. oxytnohloride. 


8. Both the anhydrides and the chlorides are reconverted 

into the acids by the action of water :— 
A(COCI) _ f ACCOM) 1 

{ Bicoch + 200 = { Bicol) + 2HCl. 
Chloride. Water. Acid. Hydrochloric 

acid. 

The dibasic acids may be divided into the four following 
series :-— 


1. Succinic or acetoid series..... .. harmertat , 
In the first member of the series » =0. 
2. Fumaric or acryloid series ..... ‘ CT COLES ; 
; . ; C,H, Ho(COHo) 
3. Malic or lactoid seriea ... ........ CE COONo) d 


4. Tartaric or glyoxyloid series... { ino uacoliey 
n+ 4 on — t 


The first and second series are dibasic and dihydric ; the third, 
dibasic and ¢rikydric; and the fourth, dibasic and tetrahydrie. 


1. THE SUOCCLNIC OR ACETOID SERIES. 


ra a COHo 
General formula...¢4 ,"17" or <+C,H,, . 
C,H. 


COHo COHo 
In addition to oxalic acid (oxatyl) which many chemists 
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regard ag the first member of this series, the following 
known :— 7 
COHo 


Malonic acid ......... {oH - Fuses at 140°, 
COHo 


COHo * 


Succinic acid ......... pte - Fuses at 180° Boils at 285°. 


COHo 

Tsosuccinic acid ....., CMeH. Fuses at 130°. 
COHo 

COHo 


Pyrotartaric acid... C,H, . Fuses at 112°. Boils at 200°. 
COHo 


COHo 
C.H, . Fuses at 140°. 


COHo 
COHo 


Adipic acid ........... 


CH,,. Fuses at 134°. 


Pimelic acid ......... 
COHo 


COHo 

Suberic acid ........ C.H,,. Fuses at 125°. 
COHo 

COHo 


Anchoic acid ......... C.H,,. Fuses at 116°. 


° 
Sebacic acid ........... C.ll,,- Fuses at 127°. 


) 
Roccellic acid ......... C..H,,. Fuses at 182°. Boils at 200°. 


It is obvious that there may be several modifications of each 
of these acids. Thus there are two succinic acids, one con- 
taining ethylene, and the other ethylidene (see p. 168) -— 


CH (COH Cc 
| OH \COHs} and { GH{COHs),; 


RELATIONS OF THE SUCCINIC SERIES. 16] 


1. Relations of the Succinic to the Lactic Series of Acids and to 
the Glycols. 
These acids are related to the lactic series and to the glycols 


in the same way as the fatty acids are related to the monacid 
alcohols :-— 


{ CH.Ho CH_Ho COHo 
CH Ho’ COHo * { COHo’ 
Glycol. Glycollie acid. Oxalio acid. 


This relation, however, does not strictly extend beyond the 
first member, although it may be partially traced in the rela- 
tions of malonic and adipic acid to paralactic and paraleucic 
acid :— 


CIL(CH, 10) CH,(CH,Ho CH,(COH 
| eH | colic , | cole _ 


O 
Isoprop lic glycol. Paralactic acid. Malonic acid. 
(Unknown.) 
C.H,(CH Ho) C.H(CH,Ho) —{ ©,1T,(COHo) 
{ CHHo” { COlio ~ ° |{COllo * 
Unknown glycol. Paraleucic acid. Adipic acid. 


2. Relations of the Succinie Series to the Dyad Radicals. 


1. The acids of the succinic series are intimately related to 
the dyad radicals, the nitriles or abnormal cyanides of which 
are readily converted into dibasic acids by cbullition with 
potassic hydrate or hydrochloric acid :-— 

C,H..(CN") | ok _. { C.H;,(COKo) 

{ CHACON") +2KHo + 20H, = { C.H,,(COKo) +2NH,,. 
Abnormal cyanide of Potassc Water. Potassic salt of the Ammonia, 
the dyad radical. hydrate. dibasic acid. 


2. Some of these acids, when heated with excess of caustic 
baryta, give up two atoms of carbonic anbydride, yielding the 
hydrides of the dyad radicals :— 


| COHo 
CH, = 200, + (C,4,,)"H,. 
fo 2 ( is 


Suberic acid. Carbonic 
anhydride. 
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COHo 
Cone = 200, + (C,H,,)"H,,. 
Sebacic acid. Carbonio 

anhydride. 


These reactions are the analogues, in the dyad series, of 
the process by which marsh-gas is obtained from acetic acid. 
The hydrides of the dyad radicals so obtained are isomeric 
with those of the corresponding monad radicals. 

The elimination of carbonic anhydride from a monobasic 
acid can only take place once, while from a dibasic acid it takes 
place in two successive stages :— 


In the case of a monobasic acid, 


C,H. Zn 


In the case of a dibasic acid, 


C,H. 
C, lf (COHo) = n44 n+l 
ere {SI (COHo) - CO, = | Site 
C.H,, 
2nd stage... CH. _ co, = {Sue 
COHv n~*2n-+1 


8. Relations of the Suecinic to the Acetic Series of Acide. 

1. By the loss of the elements of carbonic anhydride, the 
first three members of the succinic series are converted into 
members of the acctic series, containing one atom of carbon 


less :— 


{ COHo aa co, + { ais 


COHo 
Oxalic acid. Carbonic Formic acid. 
anhydride. 
COHo 
= ©O, + { 
sais 3 CoH 
Malonio Carbonic Acetic acid. 


anhydride. 
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COHo 
= CMeH, 
1835, oo, + | Gone 
Suocinic Carbonic Propionic 
acid. anhydride. acid. 


In the first two cases the action of heat alone is sufficient 
to effect the transformation; but in the third the affinity of 
lime for carbonic anhydride must be superadded. 

2. Conversely, the members of the acctic series may be con- 
verted into those of the succinic containing onc atom of carbon 
more, by replacing one atom of the hydrogen in the positive 
radical of the acid by cyanogen, and then boiling with potassic 
hydrate:— ° 

[SSE + axa = (SIAC) +m 


Cyanacetic acid. Potasac FPotassi malonate. Ammonia. 
hydrate. 


The conversion of formic acid into oxalic acid, by heating 
with potassic hydrate, also belongs to this class of reactions :— 


H — Coke ‘ 
2] Gon, + 2KHo = eee, a BOI, He 1, 


Formic acid. Potaaaic Potass1 Wat 
hydrate. oxalate 


SUCCINIC ACID. 
“COHo 
on 
| CoH 
Fuses at 180°. Boile at 235°. Dissolves in 20 parts of cold 
water. 

Occurrence.—In amber; in some kinds of lignite; in the 
resin of some kinds of pine ; also in many other vegetable and 
animal substances. 

Formation.—1. By the action of potassic hydrate upon ab- 
normal ethylenic cyanide (p. 161): this reaction proves that 
succinic acid contains ethylene, and that its constitutional for- 
Toula is as given above. 

M2 
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2. By the oxidation of butyric acid by nitric acid :— 


COHo 
CEtH 
2 of O, = C.H + OH.. 
Butyric acid. Succinic acid. Water, 


The nature of this reaction is more clearly seen with fully 
developed formulsx, thus :— 


, CH, COHo 
COHo COHo 
Butyric acid. Succinic acid. Water. 


8. By the reduction of malic acid by fermentation, or by 
hydriodic acid :— 


COHo COHo 
en 
| otto COHo 
Mahve acid. Buccinic acid. Water. 
4, By the reduction of tartaric acid by hydriodic acid :— 
COHo COHo 


erat. + 4HI = CH + 200, + 2I,. 


COHo COHo 
Tartaric Hydriodic Suceinic Water. 
acid. acid. acid, 


It is evident that this reaction is perfectly analogous to that 
by which lactic acid is transformed into propionic acid (p. 125). 

5. The two isomeric acids, fumaric and maleic acids, are 
converted by nascent hydrogen into succinic acid :-— 


fe ao cH 
don o+ WH = jor 
{COHo Golo 
Succinic acid. 
COHo COHo 
oo em H, = on ° 
COHo coHo 
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6. By boiling ethylic 8 cyanopropionate with solution of 


caustic potash :-— 
—* - COKo 
oH, + 20KH + OH, = CH + HEto + NH, 
to COKo 
iseice = Become Aloohol. Ammonia. 


The two processes by which succinic acid is generally pre- 
pared are, the distillation of amber and the fermentation of 
calcic malate. 

Reactions —1. By distillation, succinic acid splits almost 
entirely into succinic anhydride and water :— 


COHo co—,- 

CH, = (CH, 0 + ON, 

COHo co— 

Succinic Succimic Water, 
acid, anhydride. 


2. Under the action of nascent oxygen produced by electro- 
lysis, succinic acid yiclds ethylene, carbonic anhydride, and 
water :— 


COHo 

Cll, + O = CH, + 200, + ON, 
COHo 

Buccinio Ethylene. Carbonic Water, 
acid. anhydride. 


8. Succinic acid may be boiled for hours with concentrated 
nitric acid without suffering any change ; neither is it affected 
by a mixture of potassic chlorate and hydrochloric acid ; but it 
produces acetic acid when distilled with sulphuric acid and 
manganic oxide. 

4, Succinic acid forms three kinds of salts, viz. :— 


Normal. Acid. Superacid. 

COMo a ea riled 
Cc 4° Al, 2 ? e 
{Se Mo COMo COMo | Coto 


co—~ 
{s, H, Mo". 
co-— 


166 THE ACIDS. 


ISOSUCCINIC ACID. 


COHo 
CMeH. 
COHo 
Fuses at 130°. Dissolves in 5-4 parts of cold water. 
Formation.—By boiling ethylic a cyanopropionate with solu- 
tion of caustic potash :— 


CN” COKo 
| Eman + 20KH + OH, = OMcH + HEto + NH,. 
0 


COEto 
Ethylic Buccinio Alcohol. Ammonia. 
@ cyanopropionate. acid. 


CHAPTER XXII. 
THE ACIDS. 
2, FUMARIC OR ACRYLOID SERIES. 


General formula ...” { Si cans) or ©,H,_(COHo),. 


In this series there are three isomeric acids containing four 


atoms of carbon, viz. 
Formula. 


Fumaric acid 

Maleic acid as "OC" H,(COHo), ; 

Isomaleic acid 
and three other isomeric acids containing five atoms of carbon, 
vig. 

Itaconic acid 

Citraconic acid aeons “(C,)"H,(COHo),. 

Mesaconic acid 

Constitutional notation predicts the existence of a fourth 

acid belonging to the four-carbon group. The following are 
the four possible formule for these acids :— 


ISOMERISM IN THE FUMARIC SERIES. 


No. 1. No. 2 
H H 
| | 
ae? C= 
— ise 
ns WS 
= ont: 
O b 
| | 
H H 
sCOHo COHo 
Cll CH, 
"ICH ° "S 
{COHo COMo 
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No. 3. No. 4 
H Hf 
| 
é 6 
| 
C=O H (t= 
| | | 
H—C—C—H CC 
V | | 
(‘=-O Ht cc O 
| 
‘ 0 
| | 
H H 
COILo CON Oo 
CCH). CMe". 
COllo COWo 


Of these formula, Nos. 1 and 2 represent fumaric and maleic 


acids. 


Data are still wanting to enable its own particular for- 


mula to be assigned to each of these acids; but the first two 
formule must belong to fumarie and maleic acids, because both 
these acids yield succinic acid under the influence of nascent 


hydrogen, thus :— 


No. 1. 
fCOHo 
{CH 
"OH 
{COHo 


No. 2. 
COHo 
CH, 
"Sc 
COHo 


H 


Succinic acid. 
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That succinic acid contains ethylene (- { ci) and not 
2 


ethylidene { ion ,is proved by its formation from abnormal 


ethylenic cyanide (p. 161) ; but formule Nos. 3 and 4 give, by 
the addition of two atoms of hydrogen, the formula of isosuc- 
cinic acid containing ethylidene, thus :— 


H 
No, 3. ‘ 
COHo CORo l 
OCH) H + H, = 4OMcH. H C=O 
COHo COHo | | 
H—C—C—H 
No. 4. | | 
COHo Colo H C .O 
CMe’ + HH, = CMeH. 
COHo COHo a: 
H 
Tansuccimie acid, Isosuccinic acid. 


Fumaric acid combines directly with bromine, producing 
dibromosuccinic acid. Maleic acid also combines directly with 
bromine, producing isodibromosuccinic acid. The following 
formule show the nature of this isomerism :— 

Corresponding to No. 1. 


O H WTO 
COHo Ieotod dl 
GHB. LJ 1d 
HBr 
COHo () Br Br : 
H i 
Corresponding to No. 2. 
HEL 
| 
rae C—C—C—C 
CEr, 
COHo 
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When acted upon by nascent hydrogen, both these isomeric 
bromo-acids produce, as might be expected, the same succinic 
acid :— 


po COllo 
HBr CH, 
cupr + He =jon, + 2lBr: 
COHo COHo 
Suceanie Hydrobromic 
acid. acul. 
ae COHo 
H, _ J CH, 
op, +t We =joy' + eur. 
COHo COHo 
Briewt nie i reais 


Inasmuch as formule Nos. 1 and 2 belong to fumaric and 
maleic acids, it follows that one of the two remaining consti- 
tutional formulm must be that of isomalcic acid. 1 is impos- 
sible at present to determine which of these formul is to bo 
assigned to this acid; but in any case there can scarcely be a 
dopbt that isomaleic acid, when treated with nascent hydrogen, 
will yield isosuccinic acid, as shown above. 

Of a similar character is the relation subsisting between the 
isomeric acids of this series containing five atoms of carbon, 
viz. itaconic acid, citraconic acid, and mesaconic acid. There 
are no less than cleven possible formula for this five-carbon 
group of acids ; but the three individual formul» belonging to 
the three known acids cannot at present be determined. The 
following four formulm will serve as specimens of the whole, 
and as illustrations of the cause of isomerism in these acids :— 
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No. 1. No. 2. No. 3. No. 4. 
H H H H 
6 d j 4 
t-0 to to _ 
H- dy b n_é_H H H—C--H 
vary es . ar, 


| 
O= — O=C é 
i H H 
sCOHo COHo ( COHo COHo 
LCH "SC CH, CH, 
CH . CH, "C CMe” 
{ CH, CH, CH COHo 
Colfo (| COHo CoH 


Itaconic, citraconic, and mesaconic acids stand in the samo 
relation to pyrotartaric acid as fumaric and maleic acids occupy 
with regard to succinic acid; for, when submitted to the action 
of nascent hydrogen, they all yield the same pyrotartaric acid ; 
and it is therefore highly probable that the first three of the 
above formulx belong to these acids. The formula of pyro- 
tartaric acid is 
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{ 
| 
C=O 
| 
COHo H—C—H 
Cll, | 
CH, H—C—H 
Cll, | 
COllo H—C—IL 


Treated with bromine, the three acids yield three isomeric 
brominated acids, which are transformed by nascent hydrogen 


into the same pyrotartaric acid. 


By the action of hypochlorous acid on itaconie acid and 
subsequent replacement of the chlorine by hydroxy], itatartaric 


acid 18 formed :— 


COTIo (CONo COHo 
jen CHHo CHHo 
‘cH CHC! CliHo 
Cll, Cli, CH, 
COHo COHo \ COHOo 
Itaconic acid. Itatartaric acid. 


Itatartaric acid, by distillation at 125°, gives carbonic an- 
hydride, water, and pyroitauvic acid, which appears to belong 


both to the lactic and the acrylic series of acids. 


COHo 

CHHo "f are 

Sa eR co, + OH, + oa A 
Lotte ons 
Itatertaric acid. 


Pyroitauvie acid. 
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CHAPTER XXIII. 
THE ACIDS. 


3. MALIC OR LACTOID SERIES. 


COHo 
General formula...... { C,,H;,-.Ho(COHo) or 


C,,H.,(COHo) CHa Ho, 


Only two acids belonging to this series are known, viz. 
tartronic acid and malic acid. Like lactic acid, they both con- 
tain a semimolccule of 2on-oxvatylic hydroxyl :— 


Il 
0 60 
COHo || | | 
Tartronic acid.. ... CHHo. C— C—C 
COHo { | S 
QO H 
| | 
If H 


This acid may be regarded as the producti of the oxidation of 
glycerin, although it has not yet been so produced. It is ob- 
tained by the gentle oxidation of tartaric acid (p. 175). 


if 
0 $§ Oo 
( COHo | | I 
Malic acid ...... CMeHlo, C——-C——C 
COHo rt | | 
H—C—H O 


| 
to a 
Malic acid may be viewed as the product of the oxidation 


, CH,Ho 
of the hitherto undiscovered butyl glycerin, ; CMeHo. 
CH,Ho 


This acid is contained in apples, and in many other fruits. 
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When gently heated with potassic hydrate, hydrogen is 
evolved, potassic oxalate and acetate being produced :— 


COKo - 
CMeHo + KHo = { COKo | { CH 4.0m. 
C OKo CuUKo Co Ko 
Potaseic Potassio Potassic Potavsiv 
roslate. hydrate. oxalate. aeetate. 


4. TARTARIC OR GLYOXYLOID SERTES. 


This series contains at present only two members ; but these 
have numerous isomers, which have been studied, however, 
only in the case of the first. Like the glyoxylic sorivs, these 
acids contain two semimolccules of non-oxratylic hydroxyl. 


COlTo 
Cilllo 
CHHo: 
COllo 


COMo 


Homotartaric or glyco- ais 


malic acid ............ Clillo 
COHo 


Tartaric acid ............ 


There are four possible constitutional formule for tartaric 
acid; V1Z.:— 


nm B. Cc. D. 
COHo [fCOHo 

Cll,Ho CIIIo, 
CHHo JCH, J GHo(COMo). 4 CH(COHo). 
CHHo CHo, H COHo 
COHo [COHo " 


The known varieties of tartaric acid are also limited to four, 
viz. :— 

1. Dextrotartaric or common tartaric acid, 80 called from its 
property of causing the plane of polarization of a ray of light 
to rotate to the right. 
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2. Levotartaric acid, which turns the plane of polarization 
to the left. 

8. Inactive tartaric acid, which does not affect the plane of 
polarization. 

4. Metatartaric acid. 

It has been already shown (p. 164) that dextrotartaric acid 
yields succinic acid under the influence of hydriodic acid, 
whilst it has also been ascertained that inactive tartaric acid 
likewise produces succinic acid under the same circumstances. 
These reactions indicate A. and B. to be the formulx of the 
dextro- and inactive tartaric acids. The formule (. and D. 
possibly belong to lavo- and metatartaric acids, in which case 
these acids, when treated with hydriodic acid, ought to yield 
isosuccinic acid. Thus— 


CH Io 
Clio(COHo) + 4HI = 20H, + 2], 
COlo 
CH, COHo 
+ CH(COHo) or CMell. 
Collo Coe 


Isosuccinic acid 


Racemic acid is a compound of dextro- and lwvotartaric 
acid. It may be produced by uniting them, and may again 
be resolved into them. 

Inactive tartaric acid cannot be resolved into dextro- and 
levo-tartaric acids. 

It may be obtained by the action of water on argentic dibro- 
mosuccinate :— 


Soa ote 

Br THo 
COAgo COHo 

Argentic dibromo- Water. Inactive tartaric Argentio 
succinate. acid, bromide. 


The converse of this reaction is the transformation of tar- 
taric acid into succinic acid by means of hydriodic acid (see 
p. 164). 
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Metatartaric acid is produced by fusing dextrotartaric acid. 

Reactions —1. Dextrotartaric acid, when treated with 
powerful oxidizing agents, gives formic acid. 

2. Under the influence of very gentle oxidizing agents, tar- 
tronic acid is formed :— 


COHo 


COHo 
Sa od: On {ou + CO, + OH, 
Ho 
COHo 
Tartaric Tartronic Carbonic Water. 
acid. acid. anhydride. 


3. Heated with fused potassic hydrate, tartaric acid gives 
potassic oxalate and acetate, but without evolution of hy- 
drogen :— 


COHo : 
CHHo + 8KHo = { Soke f CH, 


CHHo COKo + (Coke + 30H. 

| COHo 

Tartaric Potassic Potasuc Potaanc Water. 
acid. hydrate. oxalate. acetate. 


OTHER SERIES OF DIBASIC ACIDS. 


There is evidence of the existence of other series of dibasio 
acids, which may be regarded as derivatives of benzole or as the 
hexacarbon representatives of the succinic, fumaric, and tar- 
taric series. The following are examples :— 


O H 71 O 

I | 
H—O—C—C——-—_C__C—O0—H 

C.H,,(COHo).. a acts 


Ce ee 


tx 


Hexahydrophthalic acid (Hexacarbon-euceinio series). 
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H H 


o 6 bo 
no d A do 


nO n_b_H 


H—C bx 
| | 
H H 


Tart aphthuie acid (Hexasarbon-tartaric series). 


C,11,Ho,(COHo),. 





0 0) 
! 


| 
H~0-C—¢-———=C 6-0-1 
C.H,(COIio),. H bn H—C—H 


6 tn 
H H 


Tetrahydrophthalic acid (Hexacarbon-famaric series). 





The existence of another series of dibasic acids derived from 
hydrocarbons of a (,II,,_,, series is indicated by the formation 
of anthraquinonic acid, Which is identical with alizarin, the chief 
colouring-matter of the maddcr root. By oxidation, anthracene 
(C,.H,,) yields anthraguinone (C,,H,0,), which, when heated 
strongly with sulphuric acid, is converted into disulphanthra- 
guinonte acid, which has probably the following constitution :— 


C0 (S'"0, Ho) 
( are : $ 
C080, Ho) 


When disulphanthraquinonic acid is heated with potassic 
hydrate to a temperature of about 180° C., it becomes intensely 
coloured, and is found to be converted into potassic alizarate 


(potaasic anthraquinonate) :— 
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palo »Ho) COKo 
(C..H 60KH = {(C.H,)" + 280Ko, 
C6(8"0, Ho) COKo 
aa ca ara alizarate, sulphite. 
+ 40H.. 
Water. 


On the addition of an acid to an aqueous solution of potassic 
alizarate, alizaric acid (C,,1,(COHo),), identical in properties 
with the natural alizarin of madder root, is precipitated. 

Anthraflavie acid (©,,H,(COHo),), isomeric with alizaric 
acid, but possessing no tinctorial properties, is usually simul- 
taneously formed in the above reactions. 


CHAPTER XXIV. 
THE ACIDS. 
TRIBASIC ACIDS. 


The tribasic acids all contain three semimolecules of oxatyl. 
They may be divided into the following three series, each series 
being, however, at present only represented by one acid. 

1. Tricarballylic or acetoid series :— 


ANG OHo) 
Tricarballylic acid ... on OHo) . 
CH,(COH0) 
2. Aconitic or acryloid series :— 
tr CH(COHo) 
Aconitic acid ......... }@(COHo) 
CH,(COH0) 
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8. Citric or lactoid series :— 


CH(COHo) 
CH,(COHo) 


CHHo(COHo) 
Citric acid ’............ 


Tricarballylic acid is trihydric. It is obtained from glycerin 
by replacing the hydroxyl in the latter by cyanogen, and then 
acting upon the tricyanhydrin, so formed, by potassic hydrate :— 


CH,(CN’”) CH,(COKo) 
CH(CN”) + 8KHo + 80H, = CH(COKo) + 8NH.,. 
CH (CN”) CH,(COKo) 
Tricyan- Potasaic Water. Potassic tricarb- § Ammonia. 
hydrin. hydrate. allylate. 


Aconitic acid (cquisetic acid, citridic acid) is also trihydric. 
It is found in the roots and leaves of monkshood, and may also 
be obtained by heating citric acid. Aconitic acid is also pro- 
duced by the action of hydrobromic acid upon citric acid, the 
reacticn taking place in the two following stages :— 

CH HTo( CON) CHBr(COH0) 
Cll(COHo) HBr = 5 CH(COHo) + OH,; 
CH (COHo) CH,(COHo) 


Citric acid. Bromotricarballylic acid. Water. 


CHBr(COTo) J CH(COHo) 
CH (COHo) =z 'C(COHo) + HBr. 
CH (COHo) CH,(COHo) 


Bromotricarballylic acid. Aconitic acid. 


Heated to 160°, aconitic acid is converted into itaconic acid :— 


{GOHo 
»JCH(CONo jeu 
G(COHo) = "}CH + CO, 
CH(COHo) Cl 
COHo 
Aconitic acid. Ttaconie Carbonic 
acd. anhydride. 


Citric acid is tetrahydric, and contains, therefore, like lactic 
acid, one semimolecule of non-oxafylic hydroxy]. It is found 
in the free state in oranges, lemons, citrons, and many other 
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fruita, also in the potato and the onion. By the graduated 
application of heat, citric acid yields aconitic, itaconic, and 
citraconic acids. At the earlier stage of the decomposition it 
also yields acetone. Heated with fused potassic hydrate it 
gives potassic oxalate and acetate :— 


CHI0(COHo) : 
% COKo | CH 
CH(COHo) +4KHo= { og BSI. BOIL; 
Citric aad. Potassic Potaassic Potasac Water. 
hydrate. oxalate. acetate, 


By being heated with hydriodic acid, citric acid ix trans. 
formed into tricarballylic acid :— 


CHIl0(COH0) CTI (COT) 
CH(COHo) + 2HI = 4CH(COHo) + ON, + LL. 
CH,(COHo) Cli (CON) 


Citnie acid. Trnearballvliec acid Water 


Desoralic acid is closely connected with citric acid ; it is hexa- 
hydric, and may be regarded as citric acid in which two atoms 
of non-ozatylic hydrogen have been replaced by hydroxyl. Its 
constitutional formula is probably 


CHI0( COHN) 
CHo(COHo) . 
CHHo(COHo) 


It is obtained from the product of the action of sodium upop 
oxalic ether. 


TETRABASIC AND HEXABASIC ACIDS. 


Pyromellitic acid (O,H,COHo),) and mellitie acid 
(C,(COHo),) are instances of acids of these degrees of basicity ; 
and it can scarcely be doubted that an intermediate pentabasic 
acid will be found to exist. The following graphic formula of 
mellitic acid shows the relation of this acid to benzol, and indi- 

n2 


180 THE ACIDS. 


cates the constitutional formule of the other acids built upon 
the same type and mentioned below :— 


Mellitie acid. 


| 
H—O—C—C=-C—C—O—H 


Five out of the six possible acids thus related to benzole are 


now known. Their names and formule aro given in the fol- 
lowing Table :— 


Benzoic acid .........s0csccceeeeeceenes C,H,(COHo). 


Phthalic acid............ 
Isophthalic acid ...... eeaceeeee OSH (COHO),. 
Terephthalic acid 

Trimellitie acid......... 

Trimesic acid ......... sicheeucwan C.H,(COHo),. 
Hemimellitic acid ... 


Pyromeilitic acid ...... 
Prehnitic acid ......... sevesseer ae ©,H(COHO),. 


Unknown acid ..............cesccceeee C,H(COHo),. 
ecoteee C,(COHo),. 
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CHAPTER XXV. 
THE ANHYDRIDES. 


THE anhydrides aro compounds obtained from the acids by 
the abstraction of the hydrogen of their hydroxyl, togethor with 
sufficient oxygen to form water. 

For every two atoms of hydrogen and ono of oxygen thus 
abstracted from hydroxy], thero will obviously remain one atom 
of oxygen, which, as a dyad clement, exactly satisfics the two 
bonds vacated by the hydroxy] :— 

2Ho = OW, + 0". 
Hydroxyl. Water. 

On this account, two molecules of a monohydric acid are re- 

quired to form one molecule of anhydride, thus :— 


CMe 

2CMecOHo = 40 + Ol, 
| CMcO 

Acetic acid. Acetic Water. 
anhydride. 


The anhydrides of those monobasic and dibasic acids which 
contain one and two semimolecules of hydroxyl have alone 
been investigated. 

They may be divided into the following classes :— 


C,H ..41 C,, H,,,. 7 
1," Anhydrides of the f CY CU 
monohydric mono-< wu and < 2 a 4 
basic acids ......... 0 
C,H 3.41 C,Ha-; 
2. Anhydrides of the CC Hats 
dibydric monobasic co 


dihydric dibasic 


8. Anbydrides of the co 
y {Si H, 0. 
ACIGS  ...cceceeseeees 
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1. ANHYDRIDES OF THE MONOHYDEIC 
MONOBASIC ACIDS. 


These arc known only in the acetic and benzoic series. 

They bear the same relation to the acids from which they 
arc derived as that borne by the ethers to the alcohols. 

The residues of different acids unite to form mixed anhy- 
drides anologous to the mixed ethers. Aceto-benzoic anhy- 
dride is a body of this class. 

Formation.—By the action of the chloracids, or so-called 
chlorides of the monad negative radicals, on the potassic salts 
of the acids :— 


C(CI2,4:)0 
CCH DOK + O(C,H,,, JOC] = + O +KCI, 
C(C, ay: 
Potansic salt (hloracid. Anhydride Potasae 
chloride. 


Reaction. Lu contact with water they are converted into the 
corresponding acids :— 


Ae wlly41)O 
Ol, = 2C( C.Han41.) OHO. 
1 ecct,.)0 
Anhydride. Water. Acid. 


The following is a list of the anhydrides belonging to this 


class i 
Fuaing- Boils 
saak~ | palate 


CMcO C(CH,)O 
Acetic anhydride , | oii ‘ or {2 —_— 138°. 
e C(CH,)O 
| CEtO ¢C,H,)O 
Propionic anhydride leno or 9, C.H,)0 — 165°. 
atts 
CPrO c(c 
Butyric anhydride...... ae or o. sii —— about 190°. 
CBu0 Cc 
Valeric anhydride ...... | oe 4 or ea —— about 215°. 
u ais 
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Fuaing- —Boiling- 


pont. pout. 
CAyO SC, Hf,,)O 
Caproic anhydride...... O or — eos 
CAyO C(O, H,,)0 
CCpo an g,,)0 
CEnanthylio anhydride. ; © 42°, 310°, 
CCp oC, H,,)O 
Benzoic anhydride......3O . ry eer — — 


C(C,H,)O 


CMcO 
Acetobenzoic anhydride { O oo 120°. 


CH. Yo @reerterees® 


as H,,)O 
Caprylic anhydrido ... ie ip enact aati below 07. about 200°, 
C(O.H 13)0 


[ SC, 1210 


| 
bs 
i 
, 


Pelargonic anhydride, .; QO = sassecsssscateceecenees +05°, ee 
‘Leo,11,)0 
. C(c,,H,,)O 
Palmitic anhydride ...) O 8 ceeaeeeeeeeeeee STI i 
O(C,,11,,)0 


2. ANHYDRIDES OF THE DIHNYDRIC 
MONOBASIC ACIDS. 


Formation.—By applying heat to a dihydric monobasic acid, 
thus :-— 
CMeHHo fOmMellh , 1, 


COHo = {co 


Lactic acid. Lactide. Water. 
(Lactic anhydride.) 


Reaction —Boiled with water, and especially with alkalies, 
they reproduce the acids from which they were derived :— 
(Sie + on, — {gH 
; Water. Lactic acid, 
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3. ANHYDRIDES OF THE DIHYDRIC 
DIBASIC ACIDS. 


Formation.—By the action of heat, or of substances having 
a strong affinity for water, upon the dihydric dibasic acids :— 
CH, = «CH, O + OH, 
COHo co— 


Buccinic Buccinic Water. 
acid. anhydride. 


Reaction.— Like the anhydrides of the first and second classes, 
they unite with water, reproducing the acids from which they 
were derived. 


CHAPTER XXAVI. 
THE KETONES. 


Tue ketones are derived from the fatty acids by the substitu- 
tion of the hydroxyl of the latter by a monad positive radical ; 
they thus resemble the aldehydes in constitution :-— 


CH, ( CH, CH, 
COHo' t CoH CoMe’ 
Aoctio Acetic Acetone. 

acid. aldehyde. 


The ketones may also be correctly described as compounds 
of carbonic oxide with monad positive radicals, thus :— 


COMe.. 
Acetone. 


By the action of nascept hydrogen upon the ketones, they 
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are converted into secondary alcohols, whilst tho aldvhydes, 
under the same treatment, yield normal alcvhols :— 


CH, CH 
| GoMe ie | MeL tto 


Acetone. Ino repre 
alcohol. 


Ketones, unlike aldehydes, do not oxidize spontaneously ; 
neither do they reduce ammoniacal solution of argentic oxide. 

Like aldehydes, many of them combine with hydric potassic 
or hydric sodic sulphite. 

Formation.—1. By the action of the zinc compounds of tho 
positive monad radicals upon chloracids :— 


C,H CVn; 
af Gir + Badan, = 2{ Goth, + Zach 
Chloracid. Zinc compound. Ketom. Zincia 


chloride. 


2. By the action of sodic ethide and its homologues on car- 
bonic oxide :— 


co + 2Na(C,Hs41) — { ood ‘Ils, i) + Na.. 
Carbonic Sodium compound. Ketone 
onde. 
3. By the distillation of the salts of the fatty acids :— 
2{ C ntdondt = f C,H ) + CO Ko.. 


COKo | COC Hn: 
Potasaic salt Ketone. Potaasic 
of fatty acaul. corbonate 


4. By distilling together salts of two different fatty acids, ke- 
tones containing two different positive radicals are obtained :— 


CEtH, CH, CEtII, 
{coke + { GoKo . | COMe + COKo, 
Potassic Potassic Propylmethy! Potassic 
butyrate. acetate. etone. carbonate. 


5. Numerous ketones may also be produced by the following 
series of reactions. 
By the action of sodium upon ethylic acetate hydrogen 
becomes replaced by sodium :— 
{ CHNa 


CH 
{ Gobo Ne Corto + TH. 
Ethylic acetate. Ethylic disodacctate. 
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The ethylic disodacetate is acted upon by excess of ethylic 
acetate as follows :— 


COMe 
CHNa 
‘4, 4 COMeEto = | CHNa + NaEto. 
Ethylic Ethylic acetate. Ethylic sodaceto- Sodio 
disodacctate. acetate. ethylate. 


When ethylic iodide is added to ethylic sodaceto-acetate the 
following reaction occurs :— 


COMe COMe 
CHNan + EI = | Sine + Nal. 
CO Eto COEto 
Ethylic sodaceto- Ethylic Ethylic ethaceto- 
acetate. iodide. acetate. 


Lastly, cbullition of ethylic ethaceto-acetate with potassic 
bydrate converts it into ethylated acetone, alcohol, and potassic 
carbonate :-— 


COMe 
i COMe 
CHE + 2KHo = {Gun + BtHo + COKo, 
Ethylic ethaceto- Potasaic Ethylated Aloohol. Potaasie 
aovtate. hydrate. acetone. carbonate. 


Ethylated acctone is obviously acetone in which one atom of 
hydrogen has been replaced by ethyl. 

A second atom of hydrogen in acetone may be replaced in the 
following analogous series of reactions :— 


Cll, CNa, 
21 Gokto te eee: 21 onto + 93H,. 


Ethylic acetate. Ethylic trisodacetate. 
CNa COMcE a NaEto 
eo ae to = } =a } 
2 = 2 
CcoMe coMe 
CNa, + 2Et] = CEt + 2NaL 
COEto COEto 


Ethylic disodaceto-  Ethylic Ethyl diethaceto- 
acetate. iodide. acetate. 
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CE, + 2KHo = { © + EtHo + OOKo,. 
{eE," OEt,H i 
Ethylic diethaceto- § Potassic Diethylated Alcohol. Potaasio 

acetate. hydrate. acetone. carbonate. 


' 6. By the action of zincic ethide on the chlorides obtained 
from the dibasic acids, ketones containing dyad radicals are 
produced ; thus :— 

Succinylic chloride submitted to the action of zincic ethide 
gives cthylene diethylic ketone :— 


f Coc COEt 
(Cll) + ZmEt, = {(CH)” + Bat, 
| Coc COR 

Bucciny lic Zines. Ethylene diethyl Zincio 
chloride. ethide etone. chloride. 


The following is a list of the names, constitutional formula, 
and boiling-points of those ketones which are best known :— 


Bosling- 
point. 
Acetone ........ cece { So gy titeeeieeees 56°. 
Methylated acetone. 
(Enhyl acetyl, me. { Gaue teahden: OF 
thyl acetone.) .. .. 
Dimethylated —_ace- 
f tone. (Kthyl ace- { pa Peaietasaaets 93°'5 
= | LONE). G2iiae webu 
w 
E Ethylated acetone ... { eee 101°. 
-— 
Propione. (Ethyl { CMell, 101° 
propionyl.) ......... COER mes 
S CPrH 
E | Moths valeral ...... | COM: secsestarsseees 120, 
CEtH 
2 | zthyl butyral ......... CORR cc 128°. 
5 . CEt 
5 Diethylated acetone {60 gg tetereeeeeees 188°. 
CEtH 
3 Butyrone ots concoeees | Sor” secreccevcoeres 144°. 
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Little is known of the ketones of the C,,H;,_, series. The 
following have been obtained :— 
C,H, be aia 
Benzophenone ( { CO (cH) the ketone of benzoic acid, 1s 
obtained by heating potassic benzoate. 
; CH 
Methyl benzole or methyl benzoyl : ) d 
ethyl benzole or methyl benzoy ( { CO(C,H,)) i Prepare 


by distilling together calcic acetate and benzoate. 
Phthalylic chloride, treated with zincic ethide, produces 
phenylene diethylic ketone :— 


Coc) COEt 
(C11) + ZmEt, = 4(C.H)” + Zl, 
Coc! COEt 
Phthalylic Zincic Phenylene di- Zincio 
chloride. ethide. ethylic ketone. chloride. 


CHAPTER XXVIII. 
ETHEREAL BALTS. 


THESE compounds correspond to the metallic oxysalts of the 
acids, 

The acids from which they are derived may be either mineral 
or organic; but the base must always be organic. The haloid 
ethereal salts are excluded from this family; they have been 
already described as haloid ethers. 

The ethereal salts are produced by reactions analogous to 
those employed for the preparation of metallic salts :— 


{Gol + BHo = (Gok. + OH 

Acotic acid. Scares — Water. 

{ Colo + HEtHo = { Goto + OH, 

Acetic acid. ao Ethylic Water. 
y acetate. 


But as the hydrates of the organic radicals do not act upon 
acids so energetically as potassic hydrate, it is often advisable 
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to employ the acid in the form of a potassic salt, and the radi- 
cal as a sulphoacid ; thus, with acids of the acetic reries :— 


80,Ho(CHan0) + { Gort = | Co Ctt,,.,0) + 30.HoKo. 


Sulphoacid. Potassic Ethereal ot Hydric potassic 
Balt, sulphate. 


Monobasic acids form only one ethereal salt with cach mono- 
hydric alcohol ; and this salt is always normal. 

With dihydric alcohols they each form two ctherenl salts, 
and with trihydric alcohols three cthereal salts. Those are 
also normal. Thus with acetic acid we have :— 

Acetic salt of a monohydric alcohol :— 

Ci, 
CO Kto’ 


Ethyhe acetate. 


Acotic salts of a dihydric alcohol :— 


CH Io CH,-O-CMcOQ 
CH. -O-CMe0’ CH, -0-CMo() 
Monacetic glycol. Disoe "tic glycol 


Acetic salts of a trihydric alcohol :— 


CIf,Ho CH,-0-CMecO CiT,-0-CMeO 
Cli Ho i CHitlo Cif -0-CMeO. 
CH,-0-CMe0 Cll,-O-CMcO CH,-0-CMc0 
“Monscetin. Diocetin. Triacetin. 
Dibasic acids form, with monohydric alcohols, two series of 
ethereal salts :-— 


1. Acid ethereal salts, as :— 


COEto 
Succinethylic acid ..... 0. ws... C,H, . 
Colo 

2. Normal ethereal salts, as :— 
Ethyli OIE . 
thylic succinate .............0068. é 
- COLto 


In the same manner, tribasic acids form with monohydric 
alcohols three series of ethereal salts, the first two of which are 
acid, and the third normal. 
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Prolonged contact with water generally decomposes ethereal 
salts, liberating the radicals of the bases in the form of alco- 
hols :— 

80,.Meo, + 20H, = SO,Ho, + 2MocHo. 


Methylic Water. Sulphuric Methylic 
sulphomethylate. acid. alcohol. 


Ebullition with potassic hydrate, especially when the latter is 
dissolved in alcohol, effects this transformation very speedily :— 


(SH, + xm = (Sy, + ma 


Ethylic Potassic Potaasic Ethvlic 
acetate. hydrate. acetate. aloohol. 


CHAPTER XXVIII. 
ORGANIC COMPOUNDS CONTAINING TRIAD AND PENTAD NITROGEN 
OR THEIR ANALOGUES. 

Tus numerous family may be divided into two great classes :— 

1. Compounds of triad nitrogen, phosphorus, arsenic, anti- 
mony, and bismuth. 

2. Compounds of pentad nitrogen, phosphorus, arsenic, anti- 
mony, and bismuth. 


I. COMPOUNDS OF TRIAD NITROGEN AND OF 
ITS ANALOGUES. 


This class may be again subdivided as follows :— 


Positive. Neutral. Negative. 

1. Amines. 1. Amides. 1. Imides and 

2. Phosphines. 2. Alkalamides. nitrides of 

3. Arsines. 3. Trichlorinated and negative 
tribrominated amines. radicals. 

4, Stibines. 4. Haloid compounds 

5. Bismuthines. of oxybases. 

6. Oxybases. 


Of these the Amines and Amides are the most important. 
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Posrt1vE Section. 
1. THE AMINES. 


The Amines are commonly termed organic bases or artificial 
alkaloids ; they are divided into— 


A. Monamines. 
B. Diamines. 
C. Tramines. 
D. Tetramines. 


The tetramines have been but little investigated. 


A. MONAMINES. 
There are three kinds of monamines :— 


a. Primary monamines. 
B. Secondary monamines. 
y. Tertiary monamines. 


a. Primary Monamines. 


General formule. 


Methyl or C,H,,41 serics......... N(CH, 4) H,. 
Vinyl or C,H: series ..... .. N(CH... )H,. 
Phenyl or C,,H,,_, series ... . NM(C,HL, .)H,. 


Formation.—1. By the reduction of the nitro-substitution 
compounds of the hydrides of the positive radicals by sulphu- 
retted hydrogen, ammonic sulphide, zinc and sulphurie acid, or 
iron and acetic acid :— 


N(C,H,)0, + 38H, = N(C,H,)H, + 2011, 
Nitrobensol. 5 alphuretted Aniline. Water. 
pe hed 


2. By treating cyanic ethers with boiling solution of potassic 
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hydrate. The reaction is perfectly analogous to the decom- 
position of cyanic acid with potassic hydrate :— 


CN""Ho + 2KHo = COKo, + WNH,. 


Cyanic acid. Potassic Potassic Ammonia, 
hydrate. carbonate. 

CN'"Eto + 2KHo = COKo, + NEtH,, 

Ethylia Potusaic Potaasio Ethylamine. 

cyanate. hydrate. carbonate. 


3. By the action of the haloid compounds of the monad 
positive radicals upon ammonia, and subsequent action of 
potassic hydrate upon the product so formed :— 


NIT, + Et = NEtHI. 


Ammonia. Ethylic Ethylammonic 
rodide. todide. 
NEtH,.I + KHo = NEtH, + KI + OH, 
Ethylammonic Potassic Ethylamine. Potasaio Water. 
lodide. hydrate. iodide. 


The following are a few of the primary monamines :— 


Methylamine............ NMeH, or N(CH,)H.. 

Ethylamine ............ NEtH, or N(C,H,)H,,. 
Butylamine .... ...... NBuH, or N(C,H,)H,. 
Amylamine........... NAyH, or N(C,H,,)H,. 
Allylamine....... ..... INAH, or N(C,H,)H.. 


Phenylamine (duiline) WPhH, or N(C,H,)H.. 
Tolylamine (Toluidine) NToH, or N(C,H,Me)H,,. 
Reactions.—Treated with nitrous acid, they evolve nitrogen 
and yield the corresponding alcohols :— 


NPhH, + NOHo = PhHo + N, + O38, 
Water. 


Phenylamine. Nitrous acid, Phenylic 
alcohol. 


fb. Secondary Monamines. 


General formule. 
Methyl or C,H..,, series ......... IN(C,H,.;:),H. 
Vinyl or C,H,,_, series............ N(C,H,,-:),H. 


Phenyl or C,H,,_, series ........ . N(C.Hy,),H- 
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The secondary monamines aro derived from ammonia by the 
replacement of two atoms of hydrogen by monad positive 
radicals. They are sometimes called Imidogen bases. 

Formation.—By the action of the haloid compounds of tho 
monad positive radicals on the primary monamines, and subse- 
quent treatment with potassic hydrate :— 


NEtH, + Et] = NEtII. 
Ethylamine. Fthylic Diethylammonio 
rodide. rodide. 
NEtLHI + KHo = NEW + KI + Olt, 
Diethylam onic Potassic Diethylanune. Potaasice Water. 
iodide, hydrate. radide. 


By using the iodide of a radical different from that already 
contained in the primary monamine, secondary monaminues 
may be formed containing two different radicals, thus :— 


NPhH, + Et] = NEtPég,l. 

Piicnylasaie: Ethyhe Ethylphenylammonie 

(Anthaoe.) 1odide, todide. 
NEtPhHI + KHo = NE:PhIl + KI + ON, 
le Potassic Ethylphenylamine. Potasaic Water 
monic iodide. hydrate. (Etby laniline ) todide., 


The following secondary monamines are known :— 


Dimethylamine............ NMe Jf or N(CH,),H. 
Diethylamine ............ NEt Hor N(C,H,) H. 
Methylethylamine ...... NMcEtH or N(CH,)(C,H,)H. 
Dibutylamine ............ NBu,II or N(C,H,),H. 
Ethylamylamine ......... NEtAyH or N(C,H,)(C,H,,)H. 
Ethylphenylamine ...... NEtPhH or N(C,H,) (C,H,)H. 
Piperidine ............:c0ceeeseefeeee cee (C,H). 


Conine ...cecccsccccsccecseeececeeesees eevee IN(C,H,)"H. 


y. Tertiary Monamines. 


Formation —1. By acting upon the secondary monaminues 
with the iodides of the monad positive radicals, and subse- 
quently treating the product with potassic hydrate :— 

NWE.H + EtI = WNEt,HI. 
Diethylamine. Ethylio Triet* ylammonio 
iodide. iodide. 


VOL. Ii. 0 
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NWEY,HI + KHo = NEt, + KI + O8,. 
Triethylammonic Potassic § Triethylamine. §Potassio Water, 
iodide, hydrate. iodide. 
By varying the radicals, tertiary monamines with several 
different radicals may be formed. The following are a few of the 
known tertiary monamines :— 


Trimethylamine ............ NWMe, or N(CH,),. 


Tricthylamine ............... NEt, or N(C,H,),. 
Tributylamine ............... NBu, or N(C,H,),. 
Triamylamine ............... NAy, or WN(C,H,,),- 
Methyl-ethy]-phenylamine NMeEtPh or N(CH,)(C,H,)(C,H,). 
PY TCI ysets6aichouce haa ook N(C,H,)”. 

PICO NG saseuectincutwviacednnsienendasieeaasans N( CILY". 

DMCC ya a Gacrssed nee sree Maeaae: N(C_H,)" 

CUNO ssciamisnensismeuiee ernnctecyaeseaedhe das N(CVH,,)” 

Parvoline?. cesses wees inarsdssdadsaasatetanebeee N(C,H,,)”" 


The constitution of the triad radicals contained in the last 
five bases is not known. 

2. When phenylammonie chloride (aniline hydrochlorate) and 
methylic alcohol are digested’together at from 280° to 300°, 


the non-phenylic hydrogen becomes replaced by methyl, 
thus :— 


NPhIT.Cl + Mello = MNPhMeH,Cl + OH, 


: Phenylammonic Nethylio Methylphenylammonto 
chloride. alcohol. . chlonde. 
NPhMeli,Cl + MeHo = NPhMe,HCl + O8H,,. 
Methyliphenylammonic Methelic Dimethylphenylammonic 
? Thlorde. aldéohol. sealers. 


By continuing the digestion longer, the phenylic hydrogen is 
also replaced by methyl according to the following re&ction :-- 


N(C,H,)Me,HCl + MeHo = N(C.H,Me)Me,HCl + OH, 


aeny vhenrlammonic M oe Dimethyltolylammonic 
oride. . chloride. 
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By these reactions the following tertiary monamines have 
been produced :— 


Dimethylaniline .....................08. N(C,H,)Me,. 

Dimethyltoluidine ..................... M(C 1H ,Me) Me,. 
Dimethylxylidine ..............0..00.. N((H,Me,)Me,. 
Dimethylcumidine ..................... N((C,11,.Me,)Me,. 
Dimethyleymidine ..................... N(C,UMe,) Me,. 


The final product which may be expected to result from this 
reaction, N(C,Me,)Me,, has not yet been obtained. 

Tertiary monamincs, when acted upon by the iodidea of 
monad positive radicals, yield iodides which are not decomposed 
by potassic hydrate. In this manner tertiary monamines may 
be distinguished from primary and secondary monamines. The 
three may be distinguished from each other by the alternate 
action of ethylic iodide and potassic hydrate ; thus, ax we have 
just seen, tertiary monamines are recognized by producing im- 
mediately iodides which are not decomposed by potassic hy- 
drate; a sccondary monamine, however, produces an iodido 
decomposable by potassic hydrate; but the base thus liberated 
is tertiary, and will therefore be transformed immediately into 
the stable iodide by a second application of ethylic iodide, A 
primary monamine requires three applications of ethyliciodido 
and potassic hydrate to produce the same result. 


B. DIAMINES. 


Formation.—The diamines are formed by coupling together 
two atoms of nitrogen in two molecules of ammonia, or of a pri- 
mary or secondary monamine, by a dyad radical, which at the 
same time takes the place of two atoms of hydrogen; thus :— 


NH, NH N NEt” 
Et", Et”. Et’, or { Et" . 
NH, NH N NEt" 


Misi pried f Tertiary diamine. 
0 2 
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' This reaction is effected by treating ammonia or a primary 
or secondary monamino with the haloid salt (preferably a bro- 
mide) of the dyad radical, thus :— 


NH,Br 

ONH, + Et’Br, = Et". 
NH,Br 

Ammonia. Ethylenic Ethylene-diammonic 
dibromide. dibromide. 


When the salts of ethylene diammonium are decomposed by 
potassic hydrate, an oxide of the compound nitrogenous radical 
is produced, thus :— 


NH,Br NH, 
Et" + OKHo = 48’ O + OH, + 2KBr. 


NH,Br NH,— 
Ethylene-diam- Potaasic Ethylene-diam- Water. Potassio 
monio dibromide. hydrate. monie oxide. bromide. 


In this respect most of the diamines differ from the monamines. 

Urea and its derivatives belong to the class of diamines. 

These compounds are produced by boiling a solution of 
ammonic cyanate or othylammonic cyanate, or a homologue of 
the latter. In these compounds, the two atoms of nitrogen 
are held together by the dyad radical carbonyl, CO :— 


NH, 

CN"(N'H,O) = co. 
NH, 

Ammonic cyanate. Urea. 
NHEt 

CN” (NYEtH,O)- = {CO . 
Ethyl-ammonic Ethyl ay 

cyanate. 


By heating ammonic carbonate to 130°-140° in closed vessels 
for a few hours, urea is produced :— 


co {g0" 20H, 
O ; = + ° 

(NH 0) 

Ammonic carbonate. Urea. Water. 


Ureas in which ethyl and other monad positive radicals aro 
substituted for hydrogen may also be obtained by the action of 
ammonia or & monamine on the cyanic ethers, thus :— 


. NHEt 

CN"Eto + NH, ={Co . 

Ni, 
Ethylic Ammonia. Ethy] urea. 
cyanate. 

NHEt 
CN”Eto + NU,E = 2co . 

NITEt 
Ethylic Ethylamuine. Diethy! urca. 
cyanate. 


Reaction —Urea is decomposed by nitrous anhydride :— 


NH, 
CO” + NO, = CO, + 2N, + 20H, 


Urea. Nitrous Carbonic Water. 
anhydnde. anhydride. 
The following is a list of the best-known diamines :— 
Nii, 
Ethylene diamine ...................5. Ma” 
| NU, 
NITEt 
Ethylene diethy] diamine ............ Ku", 
WITEt 
Nil, 
WRCR veandeereeettneuits ergs co. 
NH, 
NI, 
Sulphur urea ...............0000. eee Cs” 
NH, 
J NHEt 
Bithiy) UeeW ss ccaetssassedesecasiesasens co 
| WH, 


Sulphophenylurea..................00. 
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C. TRIAMINES. 


To this class of organic bases belong many of the aniline 
colours and their derivatives. Mauveine was the first discovered 
of these bodies; it is obtained by the action of concentrated 
sulphuric acid and red potassic chromate upon aniline. It is 
also produced by heating the coloured product obtained by the 
action of a solution of bleaching powder upon aniline. The 
molecular formula of mauveine is 


N,C,,H,,. 


It is probably a tetramine with the constitution shown in 
the following formula :— 


NC H))"(CH) LH, 

Rosaniline is obtained from a mixture of aniline and tolui- 
dine by the action of various reagents, such as carbonic chloride, 
stannic chloride, mercuric chloride, ferric chloride, cupric chlo- 
ride, the xulphuric and nitric salts of tin and mercury, and, 
lastly, arsenic acid which bas superseded all other reagents for 
the technical preparation of the salts of this base. 

By the replacement of hydrogen in rosaniline by positive 
radicals, other bases, forming with acids valuable colouring- 
matters, are produced. 

The following is a list of the best-known of these bases :— 


Rosaniline, the base of ma- 
genta Sunsets 


e 


bn (CH)"(CHY'H, 


Pheny! rosaniline, the base " " 
*  ofdahline ...............0.. } N,(C.H,)"(C,H,)", Phu, 


Dipheny! rosaniline, the base ” ii 
; ye ailing violet ............ banca) (C,H,)",Ph,H. 


Triphenyl rosaniline, theb Geass 
of aniline blue... f Ms(CH)"(CH,Y' Phy 


Tritolyl rosaniline, the base t " 
of doluidine blue bw (CH) (C,H,)" (C,H), 


speeoepsuaae 


TRIAMINES. 


Tricthy! rosaniline, the base 
of Hofmann’'s violet 


season 
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} w,CH)"(C.11)".Bt, 


ee ee 
rer N,C,H,)- 


Leukaniline 


Rosaniline appears to be formed by tho abstraction of three 
molecules of hydrogen from one molecule of aniline and two 


molecules of toluidine, thus :— 


N(C.H,)H, + 2N(C.H,)1L, ~ 311, = 
Aniline. 


Toluidiae, 


N,((,11,)"(C,1,)", I. 


Rosaniline, 


The pheny] derivatives of rosaniline aro produced as salts of 
hydrochloric acid by heating rosaniline hydrochlorate with 


various proportions of aniline, thus :— 


WON, )(C HL, )(CEL)ILCL + 


Rosaniline hydrochlorate, 


er (C,H) (C,H, )",PhCl 


Pheny]-rosaniline h giro hinrate 


we, )"*(C,H.)"(C_LH,) “OH C] + 
Rosaniline bydrochlorate. 


WN,)"(C 11)" (C.0,)", Ph ILC! 


Diphenyl-rosanihac hydrochlorae. 
’ w | 
W(N,)*(C,H,)"(C.H,)"H Cl + 
Rosaniline hydroc hlorate. 


"(N,)"(C.H,)"(C,H,)",Ph HCl 
Triphenyl-rosaniline hydrochiorate. 


NPhH, = 


Aniline. 


+ NiiI.. 


Armonie 


2NPhH, = 


Aniline. 


+ ONT, 
Ammonin 
3NPLHH, = 
Aniline. 
+ SNH. 
Ammvaia. 


The salts of tritolyl rosaniline’ are formed by analogous 


reactions. 


Triethyl rosaniline is obtained by heating to 100°, in 4 
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close vessel, rosaniline with ethylic iodide dissolved in al- 


cohol :—~ 
NN,(C,H,)"(C,H,)".H, + SEI = N,(C,H,)"(C;H,)" Et, 


Rosaniline, Fthylic Triethy] rosaniline. 
iodide. 
+ 3HI. 
Wydriodic ‘ 
acid. 


Trimethy] and triamy] rosaniline are obtained by analogous 


processes. 
Chrysaniline is formed as a secondary product in the manu- 


facture of rosaniline. 
Leukaniline is produced by the action of zinc upon an acid 


solution of rosaniline :— 


N,C,,11,, + H, = N,C,,H,). 
Rosaniline. Leukaniline, 


OTHER AMINES. 


Subjoined are the namcs and formule of a number of organic 
bases which cannot at present be satisfactorily classified :— 


GUMMIN® coi esiiesccisessndes C,H,N,O. 
,Guanidine.............ccceeeee C(NH)"(NH,)(NH,) 
or O(NH)’ Ad,. 
Lt 
N—C—N 
| te | 
H : H 
H 
Furfurine ...... (Aish C,,H,,N,0, 
Amarine  ........ ccc eee C,,H,,N, 
Thialdine ..................... «H,,NS, 


Dibutyraldine ............... C,H,,NO. 
ACTIGING oo... eee ec eee ees C,,H,,N,. 
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Me—C= N—N:=- C—Mo 
W 
|| 
Cc 


re 


Et—C=-N—N__C—Et 
Ne 
N 
Cyanethine .. .... “(N,)"(CEt)’”, ... M 


Cyanmethine ... “(N,)"(CMe)’”, ... 


| 
Kit 


THE NATURAL ALKALOIDS. 


Of the constitution of these organic bases very little is 
known. The following is a list of the chief of them, with tho 
sources whence they are derived :— 


Alkaloids from Opium. 
Hydrocotarnine .............0.... CWH,.NO,,. 
Morphine ..........c0scccccseeecroee CH, NO, 
CODGING hicssecwciaanssalantenean vee C11,NO,, OH,. ° 
Thebaine .............sccecesecesees C,H, NO,. 
PROCOpING 5. cssecsitiaeiean ister C11, NO;. 
Paopaverine ............evseseceeces CL H,,NO,,. 
Cryptopine ............s.sceseereee C,,11,,N O,. 
Laudanosine.............0.sc200 . OLT,NO, 
INBPCOUNO : iiccisced ans sedeaswsvave cee (',,H,,NO, 
NAPCEINE ciisensvsiadiesccaieverotas C,,H,NO, 
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From Nightshade. 
Atropine ........ccecceceeseeeeeeee OHNO). 
From Tobacco. 
Nicotine ........cccscecererereee COHN, 
From Nux vomica. 
Strychnine ................. cee C,,H,,N,O.. 
Brucine insect ees Cc “IL,N, O.. 
From Tea, Coffee, and Cocoa. 
Theobromine  ...............eee eee C.H,N,0.. 
Caffeine (Theine)......c00ccecceees C,H,,N,0.. 


2,3, 4. THE PHOSPHINES, ARSINES, STIBINES, 
AND BISMUTHINES. 


The bases containing phosphorus may be obtained, like the 
amines, by tho displacement of hydrogen in phosphuretted hy- 
drogen. The tertiary compounds only of arsenic, antimony, 
and bismuth are known; and they are produced by reactions 
of which the following may be regarded as a type :— 

AsNs, + SEtl = AsEt, + 8Nal. 
Bodic Ethylic Triethyl Bodic 
arvenide. iodide. arsine. iodide, 

Primary and secondary phosphines are obtained by the 
action of methylic or ethylic iodide and zincic oxide upon phos- 
phonic iodide. With ethylic iodide the following reactions 
occur :~— 


OPH I + 2EtI + ZnO = 2PEH, + Zal, + OH, 


se hoa ie Ethyl- 
‘od ide. 


2PH,I + 4Etl + 82n0 = 2PEt,H(Znl)I + sha + Zal,. 


Phosphonie ale ‘phoals goes — 
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These reactions take place side by side; but the primary and 
secondary phosphines are readily separated from cach other by 
the consecutive action of water and alkalies upon the products 
of the above operation. 

The addition of water to the mixed product liberates tho 
primary phosphine from its compound, whilst the compound of 
the secondary phosphine resists even boiling water, but casily 
decomposes under the influence of alkalies. 

The tertiary phosphines are produced by the action of tho 
zinc compounds of the monad positive radicals upon phospho. 
rous chloride :— 

8ZnEt, + 2PCl, = 2PEt, + 82ZnC),. 


Zincic ethide. Phosphorous Triethy! Zincio chloride. 
chloride. phosphine. 


They may also be obtained in combination with hydriodic 
acid by the action of phosphonic iodide upon the alcohols :— 


PILI + 3Etio = PHI + 30M, 


Phosphonio E.hyhie Triethyl- Water. 
iodide. alcohol. phoaphonio 
iodide. 


By the action of alkalics upon triethyl-phosphonic iodide 
triethyl phosphine is liberated :— 


PE,HI + KHo = PFt, + KI + OH, 
Water. 


Triethyl- . Triethyl- 
phi oe phosphine. 
. 


The following Table contains the names of the known phos: 
phines, arsines, and stibines :— 


Primary Phosphinee. 
Formuls. Boiling-point. 
Methyl phosphine ......... PMeH.......... —14°. 
Ethyl phosphine ............ PEtH, ......... 25° 
Secondary Phosphines. 
Dimethyl phosphine ...... PMe.H......... 25°. 


Diethyl phosphine ......... PEt,H ........ . 88°. 
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Tertiary Phosphines. 

; Formula. Boiling-point, 
Trimethyl phosphine ...... PMe, ......... 41°. 
Triethyl phosphine ......... Bt cseuniisens 127°'5. 

Tertiary Arsines. 
Trimethyl arsine ............ AsMe, ......... 120°. 
Triethy] arsine..,............ AsEt, ......... 140°. 
Tertiary Stibines. 

Trimethyl stibine ........ SbMe, ......... 
Triethyl stibine ........ ... SbEt, ......... 158°. 
Triamyl] stibine ............ SbAy, ......... 





Tertiary Bismuthine. 
Triethy] bismuthine ...... BiEt, ......... — 


Character.—The phosphines, arsines, stibines, and bismuth- 
ines possess very energetic affinities for negative elements, 
Many of them are spontaneously inflammable in air and oxygen. 
Most, probably all, unite with an atom of oxygen or a molecule 
of chlonne, bromine, or iodine, forming compounds in which the 
grouping element becomes pentadic. Thuf, by the absorption 
of oxygen, triethyl-phosphine is transformed into phosphoric 
triethoxide :— 

PEL, + O = PEt,0. 


Triethy)- Ph i 
phosphine. triethoxide 
5. OXYBASES. 


These compounds sre only known in the arsenic series. 


Arsenious oxybases. 
Only one of these, cacodylic oxide, has been carefully inves- 
tigated, 
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By the distillation of potassic acctate with arsonious anhy- 
dride, 8 compound known as cacodyl, ‘As",Mc.,, is produced. 
This substance may also be prepared by the action of methylic 
iodide upon an alloy of sodium and arsenic containing 
‘As" Na, :— 

'As".Na, + 4McI = 'As"Me, + 4Nal. 
8odic Methylio Cucodyl, Badio 
arsenide. rodide. rodide, 

By allowing cacodyl to absorb oxygen slowly, an oily liquid 
containing cacodylic oxide (As,Me,Q) is formed. 

This oxybase does not appear to unite with oxygen acids, 
but it is attacked by hydrochloric acid, forming cacodylic chlo- 
ride :— 


AsMe, 

O + OHCl = 2AsMe,Cl + OH, 
AsMe, 3 

Cacadlyhe Hydrochloric Cacady ho Water. 
onde. acid, chloride, 


Cacodylic oxide, when exposed to moist air, absorbs water 
and oxygen, forming cacodylic acid :— 
As MeO + O, + OH, = 2AsMeOIIo. 


Cacodylte Water. Cacodyhie 
oxide. nerd, 


CHAPTER XXIX. 


ORGANIC COMPOUNDS OF TRIAD NITROGEN 
AND OF ITS ANALOGUES (continued). 


Nevurray SEecrion, 


1. THE AMIDES. 


These compounds aro formed by the substitution of amidogen 
(NH,) for the oxatylic hydroxyl of organic acids. They are 
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most conveniently written on the diadelphic type, but may also 
be formulated upon the ammonia type. 

If the acid contain only one semimolecule of oxatyl, a mona- 
mide is the result; if two semimolecules of éxatyl are present 
in the acid, a diamide is generally formed, &c. Secondary and 
tertiary compounds can also be produced, as in the case of the 
amines; but they belong to the negative section of this family, 


A, MONAMIDES. 


I. Primary Monamides. 


Acetamide :— 
CMcO CH, 
{ Ni, NY(CMeO), or { ae 


Chloracetamide :— 


ie or NII[C(CH,CN0}, or { GHC. 


ees 


Benzamide :-— 
C.H 
{ NH? or NH [C(C,H,)0], or { 5 


Formation.—1. By tho distillation of the ammonic salts of 
the monobasic acids :— 


CH CH 
{ coin) ™ { COUN”) + GH, 
Ammonic Acetamide, Water, 
acctate, 
2. By the action of ammonia upon the chloracids :-— 
Cc CH, 
Acctylic Ammonia, Avcctamide, 


acid, 
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3. By the action of ammonia on the ethereal salts of the 
monobasic acids :-— 


CH, CH 
{ COEto + NH, = | CO(N’"H,) + EtHo. 
ponihey Ammonia. Acetamide. Alochol. 


Reactions.—1. Boiled with aqueous solutions of acids, the 
primary monamides yield ammonic salts and acids :— 


CH 
| cotnH) + HCl + OH, = NHC + | Colte 
Acetamide. Bysrocione Water. ammonite — 


2. Boiled with potassic hydrate, ammonia is evolved, and 
& potassic salt, corresponding to the amide, is formed. 


CH, Cif 
(cow) + KWo = NU, + [Coke 
Acetamide. Potassic Ammonia. Potansic 
hydrate. acctate. 
Il. Secondary Monamides. 
Cif, 
co 
Diacetimide ... N(CMcO) H or< NH. 
co 
\ CH, 
Fico 1" (CoO, 
Succinimide ..... ma nf A, a or as (N'Y 


These bodies possess a nate aoe ns are treated of 
under the negative section of this class as smides of negative 
radicals (p. 210). 

Tertiary monamides are little known. They are the nitrides 
of negative radicals (see p. 210). 


B. DIAMIDES. 


The diamides may be regartled as derived from two molecules 
of ammonia, by the substitution of a dyad negative radical for 
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two atoms of hydrogen ; or they may be considered to be formed 
by the substitution of amidogen for the hydroxyl contained in 
the two semimolecules of oxatyl in dibasic acids :-— 


Primary Diamides. 
NH 
e , COAd 
Oxamide ... (C,0,)" or { ‘ 
Co” (COAd 
Succinamide .. Nil(C,H,O,)" or NH, | < Et” |, ory Et”. 
co COAd 


Formation.—1. By the action of heat upon tbe normal am- 
monic salts of dibasic acids :— 
CO(N’'H O) _ f CO(N''H,) 
{ OOWN'H'O> = { GON"HE + 20H,. 
Ammunic oxalate. Oxamide. Water. 


2. By the action of ammonia on the cthereal salts of dibasic 
acids :— 


COEt CO(N"'H 
ley Ammonis. Oxamide. Aloohol 


8. By the action of ammonia on the chloro-dibasic acids :— 


coc! CO(N’’H,) 

4NH, Et’ = 4 Ey’ ONE. Cl. 
coc! CO(N’”’H,) 

Ammonia. Buccinylic Succinamide. Ammonic 
chloride. chloride. 


The secondary and tertiary diamides are but little known. 


C. TRIAMIDES. 


Primary Triamides—The primary triamides may be regarded 

as derived from tribasic acids bythe substitution of amidogen 

‘for the hydroxy] contained in the three semimolecules of oxaty! 
of these acids, or as derived from three molecules of ammonia 
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by the replacement of three atoms of hydrogen by the residue 
of'a tribasic acid. A good example of a triamide is 
CHHo0(COAd) 
Citramide ...... CH(COAd) or N,H,(C,H,0,)"”. 
CH,(COAd) 
Citramide is formed by the action of ammonia on ethylic 
citrate. 
Secondary and tertiary triamides have not yet beon formed. 


2. THE ALAALAMIDES. 


These compounds occupy an intermediate position between 
the amines and the amides. They are derived from ammonia 
by the substitution of part of the hydrogen by positive, and 
part by negative radicals; and inasmuch as two atoms at least 
of hydrogen must be so substituted, no primary alkalamide can 
exist. 

Secondary and tertiary monalkalamides, dialkalamides, and 
trialkalamides are known. 


Ethyl! acetamide ..................... NITEt(CMcO). 

Ethyl diacetamide .................. NEt(CMe0),,. 

Diethyl oxamide.................. 0. N.H,Et,(C,O,)”. 
Dipheny]-carbonyl-oxaly! diamide N,(C,H,),(CO)"(C,0,)". 
Citryl-tripheny]-triamide ......... N,H,(C,H,),(C,,0,)"". 


The alkalamides incline towards a positive character, their 
degree of alkalinity being about equal to that of urea. 


3. THE TRICHLORINATED AND TRIBROMI- 
NATED AMINES. 


If the hydrogen in an amine be gradually substituted by 
chlorine or bromine, the basic eharacter of the amine gradually 
diminishes, and finally a neutral compound is obtained. 

This reaction has been studied in the case of aniline, which 
VOL, II. P 
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loses basic energy by the successive replacement of two atoms 
of hydrogen, and finally becomes neutral by the substitution of 
three atoms of chlorine or bromine for three of hydrogen :— 


NH,(C,H,). NH (C,H,Cl). NIH(C.H,Cl,). NH,C,H,C!,). 
Aniline. Chloraniline. Dichloraniline. Trichloraniline. 


4, LITE HALO[D COMPOUNDS OF OXYBASES. 


These bodies are only known in the arsenic series; they are 
formed by the action of chlorine, bromine, or iodine upon 
eacodyl and its homologues, or of hydrochloric acid, hydro- 
bromic acid, or hydriodic acid upon the oxybases. 


General formula... As(C,H,,4;),C1. 


NEGATIVE SECTION. 
THE IMIDES AND NITRIDES. 


{ of imides ... NH(C,H_10),, 


General formula ..) or nitrides. N(C,Ha-iV), 


Formation.—By the action of chloracids (the so-called chlo- 
rides of negative radicals) upon amides :— 


NH(CMcO) + CMcOCl = NH(CMeO), + HCL 


Acetamide. Acetshe Diacetimide. Hydrochloric 
chloride. acid. 


A repetition of this reaction gives acetylic nitride, which may 
also be obtained by heating a mixture of acetonitrile and acetic 
anhydride to 200°. 

An imide may also be formed by the substitution of a dyad 
negative radical for two atoms of hydrogen in ammonia, thus :— 


co a“ 
Succinimide......... NH(C,H,0,)”, or wa oa | 


Theso bodies havc hitherto received but little attention. - 
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CHAPTER XXX. 


II. COMPOUNDS OF PENTAD NITROGEN 
AND OF ITS ANALOGUES. 
This class of compounds contains the following series :— 
Poaitive. Neutral, | Negative, 


Cauatic Nitrogen bases. . alts of Annes, . Organic arsenio 
» Phosphorus bases. Phosphines. acids, oxyehlo- 

” 

” 


Arsenic bases. »  Areines. ridea, and chlo- 
Antimony bases. » Btibines. rides. 


6 Oxyarsenic bases. 


1. 
2. 
a 
4. 
6. Oxyantimonic bases. 


Seek ene 


Orvarseme hares , 2. Orgame antimo- 
Oxy antumoniec bases. mie acids, 


POSITIVE COMPOUNDS. 


1. Caustic Nitrogen Bases.— 
General formula...... N(C,H,,4 1), Ho. 


In each positive radical » must be a positive integer. The 
radicals need not be all of the same atomic weight. 

Formation.—By the action of argentic hydrate upon the 
iodides of the compound ammoniuins :— 

NEt,I + AgHo = NEt To + Agl. 
Tetrethylammo- Argentic Tetrethslammo- 3, ep 
nic iodide. hy : me hydrate. ivdide. 

2. Osustic Phosphorus Bases. 

3. Caustic Arsenic Bases. 

4. Caustic Antimony Bases.— 

By displacing the Nin the above general formula and in the 
equation by P, As, and 8b, the constitution and formation of 
these three series of compounds will be expressed. 

5. Oxryarsenic Bases.—These bodies, which are diacid bases, 
are obtained by the slow oxidation of the tertiary monar- 
sines :— 


Ax( C.H.41); + O = As( CHa: ),0. 


Tertiary monareine. Oxyarsenio base. 
yo @& 
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6. Oxyantimonic Bases.—These are formed in a manner 
exactly analogous to that in which the oxyarsenic bases are 
produced. 


NEUTRAL COMPOUNDS. 


1. Salts of Amines. 
General formule :— 


N(C,,Ho41)( Cy Hos. 1 )a Cl. 
N (C,H, )(C,, Hon)" HL CL. 
N (C,Ha,,- 1)'"(C,, Hem -1)",H,Cl,. 


In the first formula m may =0; in the second, C,,H;,, may be 
displaced by H,; and in the third, (,,11,,,_1 may be substituted 
by H,. 

Formation.—Liko the analogous compounds of ammonia, the 
salts of the amines are formed by the direct union of acids with 
the amines without elimination of water, thus :— 


NEW, + HCl = WNEtH,Cl. 


Ethylamine. Hydrochloric Ethylammonic 
acid, chloride. 


The haloid salts of the amines may also be produced by the 
union of the haloid cthers of the monad positive radicals with 
the amines (for reaction see p. 192). 

Character.—The salts of the diamines and triamines are often 
found to contain only one molecule of acid, instead of two or 
three as shown in the above general formule, which indicate the 
composition of the normal salts. The nitrogen atoms are in 
such cases united together by one of the bonds of each, besides 
being linked by the polyad radicals, thus :— 


"NW (C,H) (CHa) ZH (NO,) 5 
WON)" (C, Hoar) (Co Hw-1)"",HCL 
The difference between these two classes of salts will be ren- 


dered more evident by a comparison of the following graphic 
and symbolic formule :— 
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Normal Salts. 


Cl. yu HL yl NIT CI 
N——Et"——-N_ or NU, Et" Cl, ory Et". 


Ethy lene-diammonic dichloride. 
“se 





Cl_ Ht HW i cl 
N——Et” N—KEt’——N 
H/*H ( Hu 
Dacthslene-trianimonac trichloride 

(NU, C! 
or N,Et",Cl, or < Nit C1. 
( N HCl 


Monacid Salts. 


HOW ic = 
N——Et’ Nor "NW HW, Cl] or LN 
H/\——————“ 
Ethylene -diammome mono hloride 
H yl -—- C'] 
N ees, ee seit ay 
HO esas A HW’ WU 
Dicthy lene -triammoni monochlorids 
or “(N)“IHEt’ Cl or 7 N HW Ev" 
NIC! 





1 if ‘} Et”, 


Diacid Salt. 


Cl. /H , ae | 
N——Et'’——-N (—_Et"_ 
H’ “il W/ HH 
Diethylene-trismmonie dichlonde. 
NIf sClyy 
or "(N,)*"H,Et’,Cl, or x i, Et" 


4 
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2. Salts of Phosphines. 
3. Salts of Arsines. 
4, Salts of Stibines. 


These three series of salts all present close analogies with the 
salts of the amines both in constitution and in the mode of their 
formation. The mode of formation of several of them is shown 
at pages 202 and 203. 


5. Salts of Oxryarsenic Bases. 
As(C,H2,41),CL.- 


Formation.—By the action of acids on the oxyarsenic bases : 


AsMeO + 2HC1 = AsMeCl, + OF, 


Arsenic Hydrochloric Arsenic tmmetho- Water. 
trimethoxide. acid dichloride. 


G. Salts of Oryantimonic Bases. 


These resemble the previous salts in formation and consti- 
tution. 


NEGATIVE COMPOUNDS. 


1. Organic Arsenic Acids, O.rychlorides, and Chlorides. 


The following are the principal bodies of this class :— 


Monomethylarsenic acid............ AsMeOHo,. 
Arsenic oxydichlormethide......... AsMeOCl.. 
Arsenic tetrachlormethide ......... AsMeCl, 
Cacodylic acid ...........ceeces sence AsMe,OHo. . 
Cacodylic trichloride ............... AsMe,Cl,. 


eS) 
ts | 
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2. Organic Antimonic Acids. 


No exploration of this series has yet been made. The 
members of it will doubtless be found to have close analogics 
with the corresponding serics of arsenic compounds. 


CHAPTER ANXI. 
ORGANO-BORUN AND SILICON COMPOUNDS 


Tuts family is divided into the two following classes :— 


1. Organo-boron compounds. 
2. Organo-silicon compounds. 


1. Organo-boron compounds. 


These compounds contain boron directly united with the 
carbon of monad positive radicals, and are thus distingumshed 
from organic compounds containing boron, as xeen in the fol- 
lowing formule :— 


Organo-boron compound. Orgame com, ound containing boron 
H H H }} 
| | | | 
H—C—B—C—H HW—-C—O—B—O C€ -I 
| | | | | 
i H i () iH 
H—C—H ji—C—Il 
| | 
H if 
Boric methide. Methylie borate. 


The organo-boron compounds are produced by the replace- 
ment of methoxy] or ethoxy! in methylic or ethylic borate by 
monad positive radicals. Hitherto only the radicals methyl 
and ethyl have been thus combined with boron. 
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BORIC METHIDE. 
B(CH,),, or BMe,. 


Molecular weight =56. Molecular volume Ll. 1 litre of boric 
methide gas weighs 28 criths. Condenses at 10° under a 
pressure of four atmospheres. 

Preparation.—By adding to ethylic borate an ethereal 
solution of zincic methide, when boric methide is evolved as 
gas :— 

2BEto, + 38ZnMe, = 2BMe, + 8ZnEto, 


Ethylic Zincio Boric Zincioc 
{borate. methide. methide, ethylate. 


Reactions —1. Inflames spontaneously in air or oxygen. 
2. Combines energetically with ammonia, forming ammonia- 
boric methide :— 


NH, + BMc, = NH,,BMe,. 
Ammonia. Boric Ammonia-boric 
methide. methide. 


3. Boric methide combines readily with potash, soda, lime, 
and baryta, forming compounds the composition of which is 
not known with certainty. 


AMMONIA-BORIC METHIDE. 
NH,,BMe,. 

Molecular weight =73. Molecular volume (anomalous) H4. 
Fuses at 56°. Boils at 110°. 1 litre of ammonta-boric 
methide vapour weighs 18°25 criths. 

Formed as above described. 

Reactions. —1. Cupric chloride absorbs ammonia from the 
vapour of ammonia-boric methide, reducing the volume of the 
vapour to one half and leaving boric methide gas :— 
6QNH,,.BMe,) + 2CuCl, = 2CuCl,6NH, + sees 

Am nethide, chloride mothide. 
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2, Ammonia-boric methide is readily decomposed by acids; 


even carbonic acid decomposes it. With hydrochloric acid tho 
reaction is :— 


WH,BMe, + HC) =" 


_NH,Cl + BMe,. 
Ammonis-boric Ammonic Borie 
methide. chloride. methide, 


BORIC ETHIDE. 


B(C,H,), or BEt,. 


Molecular weight =98. Molecular volume [T}. 1 litre of 
boric ethede vapour weighs 49 criths. Boils at 95° C. 
8p. gr. of liquid ‘6961 at 28°. 


Preparation.—By the action of zincic ethide upon ethylic 
borate :— 


2BEto, + 32ZnEt, = 2BEt, + 38ZnFto,. 
Ethylio Zincic Boric Zincia 
borate, ethide, ethide, ethylate, 


Reactions.—1. Inflames spontancously in air, and explodes in 
oxygen. 


2. Allowed to oxidize gradually, boric ethide forms boric 
etho-diethylate :— 


BE, + O, = BEtEto,. 


3. Heated with hydrochloric acid to 99°, it slowly evolvet 
ethylic hydride, and is converted into boric dietho-chloride :— 


BEY, + HCl = BEt,Ci + EtH. 
Bee Berg ice ibe 
4. Boric ethide combines very energetically with ammoniacal 
gas, forming ammonia-boric ethide :— 


WH, + BEt, = WNH,BEt,. 
Borio 


i Ammonia-boric 
Ammonis. ethide. ethide. 


218 ORGANO-BORON AND SILICON COMPOUNDS. 


BORIC ETHO-DIETHYLATE. 


BEtEto.. 
Boils at 125° C. 


Preparation —By the slow action of oxygen upon boric 
ethide as above described. 
Reaction —In contact with water it is instantly decomposed, 
forming boric etho-dihydrate :— 
BEtEt, + 20H, = BEtHo, + 2HEto. 


Borte etho- Water. Boric etho- Alcohol. 
diethylate. dihydrate. 


AMMONIA-BORIC ETHIDE. 
NII,,BEt.. 
Formed by the union of ammonia gas with boric ethide as 


above described. 
Reaction—Decomposed by acids but not by carbonic acid. 


With hydrochloric acid the reaction is as follows :— 
NH,BE, + HCl = NIH,Cl + BEt,. 


Ammona-boric Ammon Borio 
ethide. chloride. ethide. 


2. Organo-silicon compounds. 


The great similarity in chemical functions between carbon 
and silicon seems to justify the anticipation that a great number 
of compounds of silicon will be produced analogous in consti- 
tution to the organic compounds of carbon. Already several 
such compounds are known, as for instance :— 


Bilioo-compoundas. Organic analogues. 
Sill. Chi. 
BSilicse hydride. Marsh gas. 
SiHCl.,. CHC,. 
Silicon chloroform. Chioroform. 
Sitio CHO 
O : Oo. . 
SiHO CHO 
BSilicoformic Unknown 
anhydride. formic anhydride. 
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Following the analogy of organic compounds, the substitution 
of one of the atoms of hydrogen in silicic hydride by tho 
hitherto unknown radical silicon methyl (Sill,) would yield 
a body constituted like the molecule of methyl or ethylic 
hydride, 

Sill, 
Sill, 

From this, silicocthylic chloride (Si,1I,Cl) ought to be ob- 
tained; and then, by the substitution of hydroxyl for chlorine, 
the silicon-analogue of common alcohol (Si,1I,Ho). None of 
these compounds containing silicon directly combined with 
silicon have hitherto been formed; indeed, unlike the tetrad 
elements, carbon, tin, and titanium, silicon appears to have little 
tendency to fourm such compounds. Amongst the host of 
silicon mincrals there ix not one in which the assumption of 
the existence of silicon combined directly with sihcon is ad- 
missible. Disilicic hexachloride (Si Cl,) has, however, boon 
recently formed. 

But, although these true silicon analogues of the moro com- 
plex organic compounds have not hitherto been obtained, 
yet a large number of bodies which contain silicon atoms 
directly combined with carbon have been synthetically pro- 
duced; and many of these substances exhibit interesting 
analogies with corresponding compounds containing carbon in 
the place of silicon. These are the bodies which are included 
in the class of organo-silicon compounds. The following Table 
contains the names and constitutional formulw of the chief 
members of this class, together with those of their derivatives, 
such as ethylic silicate (SiEto,), which do not, strictly speaking, 
belong to it, inasmuch as they no longer contain silicon directly 
combined with carbon :— 


Name. Formula. ate 
Silicie methide ..........ccccseeceees SiMe, 805 
SiMeo, 
Disilicic oxy-hexamethylate .........4 0 202 
SiMeco, 
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Name. Formuls. 
Bilicic methylate ...............cseeeeeee SiMco, 
Silicic ethide............ cc cee cee se ese eeee Sikt, 
Silicic dimethylate etbylate............ SiMco,Eto, 
Silicic chlortrietbylate .................. SiClEto, 
Silicie dichlorethylate .................. SiC],Eto, 
Silicic ethylate ................cc cece eee SiFto, 
Silicic triethylate amylate ............ SiEto,Ayo 
SiEto, 
Disilicic oxy-hexaethylate............ O 
SiEto 
SiEt, 
Disilicic oxy-hexaethide .............. O 
SiEt, 
Silicic hydrotriethylate ............... SiHFto, 
Silicic ethotriethylate .................. SiEtEto, 
Silicic dieth-cthylate .................. SiEt, Eto, 
Silicic trieth-ethylate .................. SiEt,Eto 
Silicie dietho-chlorethylato ............ SiEt,ClEto 
Silicie chlortriethide..................... SiEt,Cl 
Silicic dichlorethide ..................... SiEt,Cl, 
Silicic trichlorethide .................. SiEtC), 
Bilicic diethoxide ...............ceeceeeee SiEt,O 
Biliconylic chlorid a 
ylic chloride..................... { CMcHC! 
Siliconylic alcohol ..................... { oars 
CH, 
Biliconylic acetate ..................48. { CO(SIC.H,,0) 
SiEto, 
Silicic aceto-triethylate ............... O 
COM 
Silicic acetylate oo... cece eeae Si(COMe), 
Silicopropionic acid .................. { ane 


Silicic vipanis Sais ei 
silicol)... ME ti 


Boiling- 
point 


121 
152°5 
145 
156 





166°5 
220 


235 


227 


134 
1585 
155'5 
153 
148 
143°6 
129 





158°5 
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SILICIC METHIDE. 





ii 
nd 
H H 
8i(CH,), | | 
or H—C si———C—IL 
SiMe. | | 
H M 
M—cC—Il 
| 
i 


Molecular weight =88 5. Molecular volume (J). 1 litre of 
silicic methide vapour weighs 4425 criths. Boile at 30° 5. 
Formation —By the action of zincic methide upon silicic 
chloride at a temperature of from 120° to 200°. 
Sic], + 2ZnMe, = SiMe, + 2Zn(Cl,. 


Shee Zinc Balicie Zincie 
chloride. methide. methide, chloride. 


SILICIC ETHIDE. 
SiEt,. 


Molecular weight =1445. Molecular volume (1). 1 litre of 
silicic ethide vapour weighs 72°25 criths. Boils at 152°'5. 


Preparation —By the substitution of zincic ethide for zincic 
methide in the reaction last described, silicic ethide is pro- 
duced. 

Reactions.—Treated with chlorine, one atom of hydrogen is 
replaced by an atom of chlorine, and siliconylie chloride is 
formed :— 

SiFt(CMcH,) + Cl, = { Gackt + HCL 
Silcic ethide. Siliconylic ohlorde. 
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At the same time a portion of the silicic ethide is converted 
into dichlorinated silicic ethide, which, when heated with 
aqueous alcohol and potassic acetate, yields disilicic oxyethides 


SiEt, 
QO... 
SiEt, 


SILICIC TRIETHOHYDRATE. Triethyl-silicol. 
SiEt IIo. 

Molecular weight =1325. Molecular rolume (T]. 1 litre of 
the vapour weighs 66:25 eriths. Boils at 153°5. Sp. gr. 
of liquid ‘6709 at 0°. 

Preparation. 1. By digesting silicie triethoethylate with 


water at 200° :— 
Sikft,.Eto + O17, = SiFt Ho + OFtH. 
Bilicte Bailie Ak ohol. 
triethoethy late. tnethohvdrate. 
2. By tho action of aqueous ammonia upon silicie cblor- 
tricthide :— 
SiEt Cl + OH, + NH, = SiFEt,Ho + WNH,Cl. 
Bihaie 


Siliere 
chlortrietiide. tricthohydrate 


SILICOPROPIONIC ACID. 


CMcH, 
SiOHo’ 


Preparation.—1. This acid, which contains the new negative 
radical SiOHo (that is to say, oxaty] in which carbon is re- 
placed by silicon), is prepared from silicic chlortriethylate by 


the following series of reactions :— 
Ist. Silicic chlortriethylate is treated with zincic ethide and 


sodium, and thus converted into silicic ethotriethylate by the 
following reaction :— 
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28iClEto, + ZnEt 

Bilicic ° Zincic > = a ae 
hlortriethylate. ethide. sii ay ee 

2nd, Silicic ethotriethylate, which is a colourless liquid, 
smelling like camphor and boiling at 158°5, is now heated with 
concentrated solution of potassic hydrate, when the following 
change takes place :— 

SiEtEto, + KHo + OH, = SIEtOKo + 3EtHo. 


Bilicic Potanaw Alcohol. 
ethotriethylate. silicopropionate. 
3rd. From the potassium salt, silicopropionic is obtained by 
the addition of hydrochloric acid. 
2. By heating silicic ethotriethylate with acetylic chloride to 
180°, silicic ethotrichloride is produced :— 


Cl, _ { Cll, 
Bilicio Acety he Riliere Kthy le 
ethotriethylate. chloride. ethotrehlonde. nevtale, 


By the subsequent action of water upon the silicic etho- 
trichloride, pure silivopropionic acid is obtuined asx a white 
insoluble powder resembling silica :-— 

SiEtC] + 20H, = SiKONo + 3HCL 


Bilicic Bile 1 ieee 
ethotrichloride. ACI 


CHAPTER XXXII. 


ORGANOMETALLIC BODIES, 


Tx1s term is applied to a family of compounds in which an 
organic radical is united directly with a metal; and it serves 
to distinguish them from other organic compounds containing 
metals, in which the metal and organic radical are indirectly 
united or linked to each other. 

Thus zincic ethide is an organometallic body, while zincic 
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ethylate and zincic succinate are organic bodies containing 
metals :— 
‘i rf 


Zincic ethide... ZnEt,. upd. ec che 
ke ud 


Zincic cthylate... ZnEto.. 


Hi i if 7 
Ht -0—-fa 0 
| | 
H iW H H 
H O 
{| 
Cco—- H—C—C—O0—,, 
Zincie succinate .. {Si Zno’. Zn 
co—- H—C—C—O— 
| 
H O 


Many organic compounds containing metals are the deriva- 
tives of organometallic bodies ; thus zincic ethide by oxidation 
yields zincic ethylate— 

2nEt, + O, = ZnEto,; 
Zinecic Zincic 
ethide. ethylate. 
and by further oxidation zincic ethylate can be converted into 
zincic acetate— 


CMcH, " CMeO ” 
CMeH, Zno + 20, = CMeo2"° + 20H,. 


Zincio ethylate. Zanoic acetate. Water. 
Another instance of the derivation of organic bodies con- 
taining metals from organometallic bodies is seen in the for- 
mation of potassic propionate by the action of potassic ethide 
upon carbonic anhydride :— 


CMcH,K + CO, = { coke" 


Potassic Carbonic Potassic 
ethide. anhydride. propionate. 
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Formation of organometallic bodies. 


Organometallic bodies are produced in a large number of 
reactions, which, however, may be classed under the following 
four heads :— 

I. By the union of monad positive radicais in statu nascenti 
with a metal, or by the coalescence of a metal with the iodide 
of a monad positive radical. 

Thus, when zine and ethylic iodide are heated together to 
100° in closed vessels, zincic ethide is formed :— 


2EtI + Zo, = Z&nkt, + Zn, 
Ethvlio Zineie Aincic 
10dide. ethide. rodida, 


Sometimes hight may be employed instead of heat to effect 
this change, as in the case of the organo-tin compounds. In 
the formation of organo-mercury compounds by this method, 
light is indispensable to the reaction :— 

EI + Hg = MgFtlI. 
Ethylic Mereuric 
iodide. ethuodide. 

II. By the action of the respective metals alloyed with potas- 
sium or sodium upon the iodides or, in rare cases, tho bromides 
of the monad positive radicals. 

By this process there is less tendency to form compounds 
containing both positive radicals and negative elements. Potas- 
sium or sodium compounds are never produced in this reaction, 
because they cannot exist in the presence of ethylic iodide or 
its homologues. This process is well adapted for the formation 
of arsenic, antimony, tin, mercury, lead, bismuth, and tellurium 
compounds :— 


4Etl + SmNa, = SnEt, + 4Nal. 


Ethylic Tin sodium Stannic Bodie 
iodide. alloy. ethide. iodide. 
oFtl + HgNa, = HgEt, + 2Nal. 
Ethylic Sodium Mercuric Bodi 
i . amalgam. ethide. iodide. 


VOL, I. @ 


226 ORGANOMETALLIC BODIES. 


20, H,Br + HgNa, = Hig(C,,H,), + 2NaBr. 


aphthylic Sodium Mercuric Sodic 
teat e (bromo- amalgam. naphthide. bromide. 
naphthaline). 


III. By the action of the zine compounds of the monad 
positive radicals upon the haloid compountls, either of the 
metals themselves, or of their organo- derivatives. 

For the production of organometallic bodies containing less 
positive metals than zinc, this method is generally the most 
convenient, and is of most universal application. Compounds 
containing mercury, tin, lead, antimony, and arsenic have been 
thus produced ; but the process has failed when applied to the 
haloid compounds of copper, silver, platinum, and iron; for, 
although these bodies are violently acted upon, the organic 
radicals do not unite with the metal — 


SnCl, + ZnEt, = SnktCl, + Zncl,. 
Stannic Zinere Stannie dichlor- Zineice 
chloride. ethide ethide chlonde. 
SnCl, + 2ZnEt, = SnEt, + 2Zn(‘.. 
Stannic Zinc Stannic Zine 


chloride ethide ethide chloride. 


2Hgktl + 2ZnEt, = 2HgEt, + Znl.. 
Mercurie Zinere Mercuric Zinete 
ethodide. ethide ethide 10d1de. 


1V. By the displacement of a metal in an organometallic 
gompound by another and more positive metal. 

This method has been successfully employed for the forma- 
tion of the organo- compounds of potassium, sodium, lithium, 
aluminium, and zine. Inthe first three cases the reaction takes 
place at ordinary temperatures, some of the original compound 


entering into the composition of the resulting organometallic 
body :— 


8ZnEt, + Na, = 2ZnNaEt, + Zn. 
Zincic Sodic since 
ethide. ethide. 
SHgEt, + Al, = ‘Al.Et, + 3Hg. 
Mercurio Aluminie 
ethide. ethide. 
Hgty, + Zn = ZmAy, + Hg. 


Mercure Zincie 
amyhde. amylide. 
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Reactions of organometallic bodies. 


1. The most interesting reaction of the organo- compounds 
of the monad metags is their transformation into salts of normal 
fatty acids by the action of carbonie anhydride (see p. 118). 

2. The organo- compounds of potassium and sodium decompose 
the iodides of the monad positive radicals in the cold, forming 


hydrides and dyad radicals :— 


CH.Na + CHI = Nal + GH + Cll, 
Sodie Ethylic Bodie Ethy he Ethylene. 
ethide. iodide rodide hydride. 


3. The organo- compounds of zinc are decomposed by water, 
with formation of the hydrides of the radicals :— 


ZnEt, + 20H, = Zanllo, + 2EtH. 
Zincic Water Zincic Ethylic 
ethide. hydrate hydride 


4. By the slow action of dry oxygen, they pass through two 
stages of oxidation :-— 


2nEt, + O = ZnktkKto; 


Zincie Zmoe etho- 
othide. ethylate. 
ZnEtEto + © = ZnkEto.. 
Zinere etho- Zinc ie 
eths late eths late 


5. Monad negative elements, such as iodine, remove succes- 
sively the two atoms of cthy] :-— 


2nEt, + |, = 2Snktl + El: 


Zincie Zinew | hy he 

ethide. ethrodide iodide 
ZnEtl + 1, = Znl, + Fti. 

Zincice Zincie Ethylic 
ethiodide. sodide. sudide. 


6. The organo-zine compounds are extremely useful for the 
displacement of chlorine or ite analogues by ethy] or its homo- 
logues :— 

2PC]l, + 3ZnEt, = 2PEt, + 32Zn‘.. 


Phosphorous Zincie Tricthyl- Zincie 
trichloride. etude. phosphine. chioride. 


Q2 
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SiC] + 2ZmEt, = SiEi, + 2ZnCl, 


Bilicic Zincic Bilicic Zincic 
chloride. ethide. ethide. chloride. 
CHCl C.H.Et 
240 + @Z@mEt, = 240 © + Zncl;: 
C.H,Cl C.H,Cl 
Chiorether Zincic Ethylo- Zincie 
ethide. chlorether. chloride. 
CI ,Et C,H, Et 
210 + @ZmEt, = 240 + Zncl,. 
C.1,C! C.HEt 
Ethvlo- Zineie Diethylated Zincic 
chlorether. ethide. ethyl ether. chloride. 


Diethylated cthylic ether is isomeric with butylic ether, and 
contains the radical methylo-ethylated methyl (see p. 8). 
By oxidation it would doubtless give methylated acetone 


(p. 187). 
7. Oxygen may also be displaced in a similar manner. 


Thus :— 


N OFt-O-— WN Eto 
Nitric Zrmeic Zineie dimtro-cethvlate 


oxide ethide. 


This compound is analogous to zincie propionate, the latter 
containing two atoms of tetrad carbon in the place of the two 


tetrad pairs of nitrogen atoms :— 


COEt-O— ve CEtO a 
COF:0 _&n or CEO22° . 


Zincic propionate ... 


&. An analogous reaction is observed with sulphurous anhy- 
dride :— 


SOMe- 
280, + ZmMe, = On” or Bm eO 7 n0". 


SOMe-0U 
Sulphurous Zinci Zincic methyldithionate. 
ani niride. methide. ee 
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9. When ethylic borate is acted upon by zincic methide, the 
ethoxy] becomes replaced by methy! :— 
BEto, + 32ZnMe, = BMe, + 32ZnMeEto. 


Ethylic Zincio Borio Zincice methide 
borate methide. methide. ethy late. 


10. When ethylic oxalate is heated with zincic ethide, and 
water afterwards added, ethylic diethoxalate is formed :— 


{ Cont? + ZnEt,+ 201,= {Some 4+ ZnHo, + EtHo. 
Ethylic Zincic Water. Ethyhe Zinere Alcohol. 
oxalate. ethide. diethoxalate. hydrate. 


11. By the action of ammonia, or of certain amines and 
amides, zincie ethide exchanges its zinc fur hydrogen :— 
ZnEt, + 2NH, = ZmAd, + 2Etil. 
Zincic Ammonia. Zina amide, Ethyliv 
ethide. hydride. 
12. The organo-zine compounds, by losing one semimolecule 
of their organic radical, become monad radicals, as shown by 
the following formule :— 


Methylozincic dinitrome- "IN" OMe-0-(ZnMe). 
THY Ate casio thiioten a 

Ethylozincic dinitroethy- | 'N” OFt-O-(ZnEt). 
Tat O 2 icavutds dois: 

Ethylic ethylo-zincice di- { CEt,-0-(ZuEt) 
ethoxalate ............ .. CUEto 


18. Mercurie ethide, when treated with bromine, loses one- 
half of its ethyl, which is displaced by the negative element :— 
HgEt, + Br, = HgEtBr + EtBr. 

Mercuric Mercuric Ethylic 
ethide. ethobromide. bromide. 
14. Mercuric methide, when submitted to the action of mer- 
curic iodide, yields mercuric methiodide :— 
HgMe, + HglI, = 2HgMel. 
Mercurie 


Mercuric Merczric 
methide. iodide. methiodide. 
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The hydrates corresponding to the mercuric ethobromide and 
methiodide have been produced. They are powerful caustic 
bases, of the formule 

HgEtHo and HgMeHo: 


Mercuric Merouric 
ethohydrate. methohydrate. 


15. The organo-stannous compounds unite directly with 
negative elements, passing into stannic bodies :— 
Snkt, + I, = SnkEt,I, 


Stannous Stannic 
ethide. iododiethide. 


16. Hypostannic organo- compounds undergo a similar trans- 
formation :— 


‘Sn. Et, + I, = 2SnEtJ: 


Hypostannic Stannio 

ethide. iodotriethide. 
SnEtjI + I, = SnEt,I, + Etl. 
_ Stannio Stannio Ethylio 
iodotriethide. iododiethide. iodide. 


17. Hypostannic ethodiniodide is formed by the action of 
lodine upon stannic ethodimethide :— 


28nEt,Me, + I, = ‘Sn’”,EtJ, + 4Mel. 


Stannic Hypostannic Methylic 
ethodimethide. ethodiniodide. iodide. 


18. Stannie ethide, when treated with hydrochloric acid, 
yields stannic chlorotriethide and ethylic hydride :— 
SnEt, + HCl = SnEt,Cl + EtH. 
Stannic Hydrochloric Stannio Ethylio 
ethide. acid. chlorotriethide. hydride. 


The oxide and hydrate corresponding to the stannic chloro- 
triethide are known ; their formule are :— 


Snkt, 
Oxide...) Q 5 Hydrate... SaEt,Ho. 


These compounds, and the salts which they form, correspond 
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in composition, constitution, and, to a certain extent, in pro- 
perties, with the compounds of methy] :— 
Aloohol. § Haloidether. —- Ether, 


CH, 
Methylic ............ CH,Ho. OH,Cl. a 
Saft, 
Stanntriethylic...... SnEt,Ho. SnEt,Cl +O. 
nt, 


19. Stannie chlorodiethide is readily reduced to stannous 
ethide by the action of zinc :— 


SnEt,Cl + Zn = SnEt, + Zacll,. 


Stannic Stannous Zinoic 
chlorodiethide. ethide. chloride. 

20. Perplumbic ethide resembles stannic ethide in its re- 
actions; thus with hydrochloric acid it yields perplumbic 
chlorotriethide and ethylic hydride :— 

PhEt, + HC! = PbEt,Cl + EtH. 


Perplumbio Hydrochlo- Perplumbio Ethylic 
ethide. ric acid. chlorotnethide. bydride. 


21. Perplumbic triethohydrate (PbEt,Ho) is 8 powerful base, 
forming salts with acids. 

22. The organo-tellurium compounds form oxides and salts. 
The following are the formule of tellurium ethide and somo of 
its compounds :— 


Tellurium ethide ............ ........ Tekt.. 
Tellurous diethoxide.................. TeEt,0. 
Tellurous diethiodide ............... Teft,I,. 
Tellurous diethosul phate ............ TeEt,(8"0,)”. 


Constitution of Organometallic Bodies. 

The organometallic compounds are constituted on the types of 
the metals they contain. It was, in fact, the study of these 
bodies which first led to the doctrine of the atomicity of 
elements. They afford striking examples of monad, dyad, triad, 
tetrad, pentad, and hexad types. 
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The organic derivatives of the monad metals are formed on 
the type of potassic chloride (KCl) :— 


Lt 
| 
K—Cl ee 
| 
H H 
Potassic chloride. Potassic ethide. 


The organo-zinc, cadmium, magnesium, and mercury com- 
pounds are formed upon the type of zincic chloride (4mCl,) :-— 


H H H H 
| | | 
C]l—Zn—C1 i ae aaaal, a eee 
| | 
Il i H H 
Zincic chloride. Zincic ethide. 
‘; if 
Ittg tt 
| 
H H 


Mercuric 1odethide. 


The organo-aluminic compounds are formed upon the type 
of aluminic chloride (‘Al’’,Cl,) :— 





H H 
‘ | 
H—C—H H—C—H 
. : H | H 
| 
Cl—Al—Al—Cl_ H—C——Al————_-AlC_-H 


| | | 
cl Cl H H 


H—C—H als 
H H 
Aluminio chloride. Aluminie methide. 


The organo-tin compounds are formed upon the three types 
"Sn"Cl,, ‘Sn”,Cl,, and SnCl,,—the firet resembling the zincic 
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chloride type, and the second the aluminic chloride type (see 


p. 282) :— 
Cl Et Et Et 
| | | | 
C]l—Sn—Cl Et—Sn—I Et—Sn—Et Et—Sn—Et 
| { | 
Cl at I 
Stannic chloride. Stanmic iododiethide. Stannic ethide. Stannic iodotrivthide. 
Et Et Et 
| | | 
Et—Sn—O—IL Et—Sn—O—Sn—Et 
| 
Et Et Ht 
Stanme trethohydrate. Distanmie hexethonde. 


The inorganic types of the organo-tellurium series are TeC1, 
and TeQ, :— : 
C1—Te—Cl O=Te=0 


Tellurium cLlomde. Tellurous oxide, 


Et | Et 
Et—Te—Et O=Te% “Te 
a Caan 
Telluriam ethide, = Tellurous diethoxide, Tellurous 
dicthiodide, 
The organo-arsenic, antimony, and bismuth compounds are 
derived from the types ‘As’|S”,, AsC],, AsOH0o,, SbCl, SbCI,, 
BiCl,, and BiO,Ho (sce pp. 204, 211, and 214) :— 


O O 
l lt 
aes s—O—H NW—O—As—O—H 
| 
" Me 
H 
Arvenic acid. Monomethbylareenic acid. 
O O 
| I 
Me—As—O—H Me—As—Me 
| 
e Me 


Cacodylic acid. Areenic oxytrimethide. 
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The effect of the substitution of positive for negative radicals 
in compounds is strikingly exhibited in the case of arsenic acid, 
AsOHo,, as illustrated in the above graphic representations. 
By the substitution of one semimolecule of methyl for hydroxyl, 
a well-defined acid (less negative, however, than arsenic acid) 
is produced, monomethylarsenic acid, AsOMeHo,. By the 
replacement of a second semimolecule of hydroxy] by methyl, 
a very feeble acid, cacodylic acid, AsOMe,Ho, is obtained. 
By the replacement of the third semimolecule of hydroxy] 
by methyl, the acid properties are completely destroyed, a 
feeble base, the arsenic oxytrimethide, being formed, AsOMe,. 
Finally, by the substitution of methyl and hydroxyl for the 
remaining atom of oxygen there is produced a powerful base, 
tetramethylarsenic hydrate, AsMe,Ho. 

Tho following is a list of the principal organometallic 
bodies at present known :— 


I. Organo- compounds containing monad metals :— 


Potassio-zincic methide............ K Me,ZnMe.. 
Potassio-zincie ethide ............ KEt,ZnEt,. 
Sodio-zincie ethide.................. Nakt,ZnEt,. 
Lithio-zincic cthide ............... LiEt, ZnEt,. 
Lithio-mercuric ethide ............ LiEt, HigEt.. 


II. Organo- compounds containing dyad metals :— 


Magnesic ethide..................... Meg t.. 
Zincic methide ..................... Zn Me.. 
Zincic ethide ....................008 Zn Et,. 

Zincic amylide ...................4. @inAy.. 
Mercuric methide .................. Fig Me.. 
Mercuric ethide ..................... FigEt,. 
Mercuric methiodide ............... HegMel. 
Mercuric ethonitrate............... FIigEt( N'O,). 
Stannous ethide ..................... "Sn'Et,. 
Tellurium methide .................. TeMe,. 
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III. Organo- compounds containing triad metals :-— 


These compounds belong to the llth family of organic 
bodies, and have been treated of at p. 202. 


IV. Organo- compounds of tetrad metals :— 


Stannic methide .....................08. SnMe,. 
Stannic iodotrimethide ............... Sn Mv, I. 
Stannic iododimethide ............... SnMe,],. 
Hypostannic ethide .................. ‘Sn’ Et,. 
Stannic ethylodimethide ......... . SnEt,Me,. 
Stannic phenyl-triethide ...... .... Sn Ph Ft,. 
Stannic ethophenyl]-dichloride ...... Sn PhEtCl,. 
Hypostannic ethodiiodide ............ ‘Sna"" Et J. 
Perplumbic ethide .... . ... . ... PbEt,. 
Perplumbic chlorotricthide ... ..... PbEt,Cl. 


V. Organo- compounds of pentad metals :— 


These bodies belong to the 11th family of organic com- 
pounds, and have been already treated of at pp. 211 and 214. 
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Acetamide, 206. 
Acetic series of acids, 114. 


+P) 
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Acetic series, relations of sucemic 


series of acids, relations of, to 
acrylic series, 132. 

series of acids, relations of, to 
lactie series, 142. 


serice to, 162. 
Acetone, 187. 


” 


gt 


” 
Acetyl, 20. 


diethylated, 187. 
dimethylated, 1387. 
ethylated, 186 
methylated, 187. 


Acetylene, 21. 


series of radicals, 2). 


Acetylie chloride, 125. 


9 


nitride, 210). 


Acetylide of copper, 23. 


Acid, 


acetic, 123. 
accto-lactic, 135, 157. 
acetonic, }.4). 


aconitic, 17%. 
acrylic, 81, 111, 1:33. 
adipic, 1640. 


alizaric, 177. 


alpha-cymic, 105, 


alpha-toluylic, Loo. 


alpha-xylic, 10, 
amidocaproic, 10. 
amidodinitrophenylic, 69) 


anchoic, 160. 


angelic, 130. 

anisic, 156. 
anthraflavic, 177. 
anthraquinonic, 176. 


aposorbic, &4. 

arachidic, 116. 

atropic, 156. 

behenic, 116. 

benzenic, 155. 

benzoic, 155, 157, 180. 
brassic, 150. 
bromotricarballylic, 178. 


i 
{ 


RE ne te ae —_ 


Acid, bromphenylic, Gv. 


butyric, 126. 
cacodylic, 205, 214, 233, 234. 
eapric, 116, 

caproic, LL, 
eaprylie, 110. 
earbohe, 67. 
carbomeths lic, 144. 
cerotic, 116. 
chloropropionic, 147. 
cimieic, 130. 
cmpame, 1%, 
citracomie, 166 
citric, 17M. 

collanie, Hh, 
convolvulimoleie, 15), 
eresotic, 156. 
erotonic, 130. 

B crotonic, LST, 
cuminic, Joo. 

cyano, 32. 

evanuric, 32. 
damaluaric, 190. 
damolie, 150. 
esoxalic, 170. 
dextrotartaric, 173. 
diamylacetic, 120. 
dibromosuceinie, 168. 
dichloracetie, [4. 
dichlorphenylic, 69. 
chethacetie, 120. 
diethoxahic, 138. 
dimethacetic, 128. 
cimethoxalic, 138, 150. 
dinitrophenylic, 69. 
disu)phanthraquinonic, 176. 
doeghe, 130, 

elaidic, 130. 

erucic, 1:0). 

ervtbric, 76. 
ethacetic, 126. 
ethomethorxalic, 138. 
ethylcrotonic, 131. 
ethylglycollic, 150. 
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Acid, ethyl-lactic, 137. 


formic, 121. 
fulminuric, 32. 
fumaric, 166. 

gaidic, 130. 

gallic, 157. 

glyceric, 80, 152. 
glycollamic, 157. 
glycollic, 71, 91, 136. 
glycomalic, 173. 
glyoxalic, 151. 

glory hie. 152. 
1emimellitic, 180. 
hexahydrophthalic, 175. 
hippuric, 157. 
homolactic, 145. 
homotartaric, 173. 
hyrnasic, 116. 
hydrocyanic, 27, 49. 
hydroferrocyanic, 3]. 
TISDORRIC 130. 
isobutyric, 128. 
isochloropropionic, 149. 
isodibromosuccinic, 168. 
isomaleic, 166. 
isophthalic, 180. 
isopropacetic, 115, 127. 
isosuceinic, 166, 
itaconic, 166, 
itatartaric, 171, 
jalapinoleic, 151. 


lactamic, 100, 147. 
lactic, 100, 145, 147, 148. 


lwvotartaric, 174. 
lauric, 116. 
lecanoric, 76. 
leucic, 136. 

maleic, 166, 

malic, 164, 172. 
malonic, 148, 160. 
mannitic, &4. 
margaric. 116. 
melissic, 116. 
mellitic, 179. 
mellophanic, 180. 
mesaconic, 166. 
metagallic, 83. 
metatartaric, 174, 
methacetic, 125. 
methacrylic, 131. 
methethacetic, 127. 
methylcrotonic, 131. 


copy. Nn 137, 145. 


methyl-lactic, 135, 


INDEX. 


Acid, monochloracetic, 124. 


” 


monomethylarsenic, 214, 233, 
234. 
moringie, 130. 
mucic, 84. 
myristic, 116. 
nitrophenylic, 69. 
onanthylic, 115. 
oleic, 134. 
orxellinic, 76. 
oxalic, 34. 
oxamie, 35. 
oxybutyric, 136. 
oxymethyl-phenylformie, 156. 
paltnitic, 116. 
paralactic, 189, 145. 
paraleucic, 130. 
paraphloretic, 156. 
pelargonic, 115 
perehlorphenylic, 69. 
phenoic, 155. 
phenomalic, &1, 
pheny lic, 68, 
phthalie, 180. 
physetoleie, 130. 
picramic, 69. 
picric, 69. 
pimelic, 160, 
prehnitic, 180. 
propionic, 125. 
propylacetic, 127, 
pyroitauric, 171. 
pyromellitic. 179, 180. 
pyrotartaric, 160, 171. 
pyroterebic, 130. 
pyruvic, 151. 
racemic, 174. 
ricinoleic, 15]. 
roccellic, 10. 
saccharic, &4. 
salicylic, 156. 
sebacic, 160). 
silicopropionic, 220. 
stearic, 116. 
suberic, 160. 
succinethylic, 189. 
succinic, 163. 
sulphamylic, 88. 
sulphomethy lic, 87, 99. 
sulphovinic, &8. 
tannic, 108. 
tartaric, &3, 173. 
tartaric (inactive), 174. 
tartronic, 80, 172. 


INDEX. 


Acid, tartrophthalic, 176. 


tt) 


yy 


terephthalic, 180. 
precede ie 176. 
hymotic, 
toluylic, 159. 
tricarballylic, 177, 178. 
trichloracetic, 124. 
trichlorphenylic, 69. 
trimellitic, 180. 
trimesic, 180. 
trimethacetic, 129) 
trinitro-orcinic, 76. 
trinitropheny lic, 69. 
valerianic, 126. 
valeric, 126. 
valeric (isomeric forms), 126. 
valerolactic, 136. 
xylie, 158, 


Acida, acetic or fatty series of, 114. 


LA 


acetoid series of, 159). 
acrylic series of, 140). 
benzoic or aromatic series of. 
153. 
classification of, [133. 
derivation of, from aleohols, 
1)3. 
dibasic, 158. 
dibasic, formation of, 15%. 
dibasic, reactions of, 15%. 
dibasic, fumaric or acryloid 
series of, 166. 
dibasic, other series of, 17. 
dibasic, succinic or acetoid 
series of, 15%). 
dibasic, tartaric or glyoxyloid 
series of, 173. 
fumaric or acrylord series of, 
166. 
lyoxylic series of, 12. 
exabasic, V7. 
lactic series of, 154. 
lactic series of, classification 
of, 135. 
lactic series of, definition of, 
134. 
lactic series of, relations to 
acetic series, 142. 


lactic weries of, relations to | 


acrylic series, 142. 
law of basicity of, 115. 
malic or lactoid series of, 172. 
monobasic, 113. 
normal fatty, 
series, 121. 


ascent of the 


A 
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Acids, normal fatty, formation of, 


3? 


117. 

sate fatty, relations of, to 

Cullens Ho alcohols, 120. 

normal fatty, relations of, to 
Callan+1 radicals, 119. 

normal fatty, relations of, to 
each other, 121. 

normal, of acetic serios, 114, 

normal, of acrylic series, 140. 

normal, of acrylic series, for- 
mation of, 131. 

normal of fatty series, forma- 
thon of, 117. 

normal, of fatty series, occur. 
rence of, 116. 

normal, of lactic series, forma. 
thon of 14). 

of acrylic series, relations of, 
to ncetic series, 1322, 

of lactic series, isomermin of, 
143. 

olefine, of acrylic series, 191, 

olefine, of acrylic series, for- 
mation of, 12. 

olefine, of lactic series, forma- 
thon of, 14). 

ole series Of, 130, 

organic, 112. 

pyruvic series of, 151, 

secondary fatty, 128, 

necondary, of acrylic KOTION, 
Ie). 

secondary, of acryhie series, 
formation of, 141. 

secondary of lactic 
137, 

secondary, of lactic series, for- 
mation of, J41. 

succinic series Of, 150. 

sucemic senes of, relations to 
avetic series, [62. 

succinic series Of, relations to 
dyad radicals, 161. 

succinic sericea of, relations to 
lactic series and to glycols, 
161. 

tertiary fatty, 120. 

tetrubasic, 179. 

tribasic, 177. 

tribasic, aconitic or acryloid 
series, 177. 

tribasic, citric or lactoid series, 
178. 


HOTICH, 
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INDEX. 


Acids, tribasic, tricarballylic or ace- , Alcoholates, 58. 
toid series, 177. 

Acridine, 200. 

Acrolein, 80, 110. 

Acryl, 25. 

Acrylic series of acids, 130. 


Acrylic series of acids. relations of, 


to lactic series, 142. 


Acryloid or fumaric series of acids, 


166. 


series of acids, isomerism 


in, 166. 


Alanin, 10%), 147. 


Alcohol, 


allylic, G0. 
amylic, 52, 60, 
benzylic, 67. 
butylic, 62, 59, 
caproylic, 02. 
caprylic, Bs. 
coratic, 63. 
cetylic, 53. 
cresylic, 67, 70. 
cumylic, 67. 
decaty lic, 43, 
dimethylphenylic, 67. 
ethylenic, 71. 
ethylic, 52, 57. 
heptylio, 53. 
hexylie, 52. 
isamylio, 02, 
isubut ylic, o2. 
ixopropylic, 60, 
melissic, 5:3. 
methylic, 52, 56. 
nonylig, os. 
ootylic, 53. 
ananthylic, 4:3. 
pentabydric, &4. 
pentylic, ov. 
phenylic, tertiary, 67, 68. 


phenylic, substitution pro- 


ducts of, 9. 

ropvlic, 62, of, 62. 
ct ylic, 52. 
preudobutylic, 62. 
paeudohexylic, 60. 
stanntricthylic, 231. 
sulphur, 59. 
syoocerylic, 67. 
tetrahydric, 83. 
tetrylic, 52. 
thymylio, 67. 
vinylic, 64. 
xylylio, 67. 
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Alcohols, 49. 


dihydrio, 51. 

dihydric, glycol series, 70. 

dihydric, orcin series, 74. 

monohydrie, 50, 52. 

monohydric, methy] series. 
52. 

monohydric, methy! series. 
normal, 52. 

monohvdric, methyl series. 
secondary, 52, 60. 

monohyvdric, methyl series, 
tertiary, 52, 62. 

monohydric, pheny] series, 
66. 

monohydric, pheny] series, 
normal, 66, 67. 

monohydric, phenyl series, 
tertiary, 67. 

monohydric, vinyl series, 
(3. 

polvhydric, 83. 

relations of, 43, 

a of, to fatty acids, 

=(), 

secondary, 
62. 

trihydric, 51. 

trihydric, glycerin series. 
(a. 


trihvdric, pyrogallic series, 
&] 


oxidation of, 


Aldehyde, acetic, 108, 
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acryhic, 110. 
benzuic, 111. 
butyric, TOS. 
capric, 108. 
cuminie, 111. 
euadic, 108, 
formic, 108. 
lauric, 108. 
enanthic, 108. 
palmitic, 108. 
propionic, 108. 
salicylic, 1.56. 
valeric, 108. 


Aldehydes, 105. 


eo? 


a] 
39 


definition of, 105. 

derived from the 
C,.Hen4i1Ho aloohols. 
108. 

from the C, Hs,—,Ho al- 
cohola, 110. 


INDEX. 


Aldehydes from the C,H2,—;Ho al- 
cohols, 111. 
‘i preparation of, 105. 
a reactions of, 107. 


Alizarin. 176. 
Alkalamides, 209. 
constitution of, 209. 

Alkaloids, artificial, 191. 
from cinchona, 201. 
from nightshade, 202. 
from nux vomica, 2OL. 
. from opium, 201. 
from tea, coffec, and cocva, 

4), 
from tobacco, 202. 
, the natural, 2OL. 
Allyl, 43. 
Allylamine, 192. 
Allylene, 21. 
Allvhe iodide, 74, 94. 
sulphide, 66. 

»  sulphoevanate, 66. 
Aluminie ethide, 226. 

Amarine, 200. 
Amides, 14M), 20%. 

» definition of, 200. 
Amines, 101. 

» Classification of, 191. 
diacid salts of, 215. 
monacid salts of, 213. 
normal salts of, 212. 
salta of, 212. 
Ammonia-boric ethide, 218, 

re methide, 216. 
Ammonia type, 4, 5. 
Ammonic chloride type, 4, 5. 
Amorxyl. 9. 

Amygdalin, 112. 
Amy], 1). 
Amylamine, 192. 
Amy! benzol, 14. 
Amrslene, 17. 
Amylenic chloride, 1183. 
- bromide, 103. 
i oxide, 90. 
Amy]l glycerin, 78. 
Amylic iodide, 102. - 
Amylide, zincic, 234. 
Amy] toluol, 14. 
» xylol, 15. 
Anhydride, acetic, 182. 
Pe acetobenzoic, 183. 
os beuzoic, 183. 
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Anhydride, butyric, 182. 
is caproicy 1&3. 
< caprylic, 183. 
= lactic, 183. 


rr enanthylic, 183. 
‘i palmitic, 183. 

‘s pelargonioc, 183. 
- propionic, 182. 

” silico-formic, 218. 
“3 succinic, 184. 


valeric, 182. 
Anhydrides, 181. 
a conversion into acids, 
82, 183. 
‘i definition of, (81. 
‘3 of the dihydric dibasic 
acids, 184. 


" of the dihydric mono- 
basic acids, 183. 
" of the inonohydrie mo- 


nobasic acids, 182. 

Aniline, 191. 
Amiline blue, 198, 

a violet, 198. 
Anthracene, 176. 
Anthraquinone, 176. 
Antimome acids, organic, 215. 
Anns: organic compounds of, 

tH) 
Arbutin. 74. 
Aricine, 201. 
Aromatic series of acids, 155. 
Arsenic acids, organic, 214. 
Arsenic, organic compounds of, 1{¥). 
Arsenic oxydichlormethide, 214. 

»  oxytrimethide, arb, 2 pa 
tetrachlormethide, ‘ O14, 

»  trimetho-dichloride, 214 

trimethoxide, 214. 

Arsenious oxybases, 204. 
Arsine triethyl], 204. 

<s trimethyl, 4. 
Araines, 160), 202. 

» so Raltes Of, 214. 
Ascent of the alcohol series, 55. 
Atropine, 202. 
Azobenzol, 48. 


Bases, caustic meaetag A 211. 
» caustic arsenic, 21 
»  caustio nitrogen, aL 
- caustic sg aa 211. 
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Bases, organic, 191. 
i oxyantimonic, 212. 
»  oxyarsenic, 211. 
Benzamide, 206. 
Benzene, 44. 
Benzine, 44. 
Benzoic series of acids, 153. 
Benzol, 42, 44. 
»  bromocompounds of, 44, 
»  ¢hlorocompounds of, 47. 


» substitution derivatives of, 


43. 
Benzonitrile, 1 64. 
Benzophenone. 188. 
Benzoyl, hydride of, 111. 
Benzyl, t+. 

Betaorcin, 74. 
Bicarburet of hydrogen, 44. 
Bismuthines, 190, JO, 
Bismuthine triethyl, 204. 
Boric diethochloride, 217. 
» ethide, 217. 
» etho-diethy late, 218. 
»  etho- dihydrate, 21s 
» => methide. 216. 
Bromacetylene, 24. 
Bromethy lene, 103. 
Bromhydrin, 1H. 
Brucine, 202. 
Butosy], 5. 
Batyl, 11. 
Buty lamine, 192, 
Buts lene, 7. 
Butyleme bromide, 108. 
‘i chloride, 108. 
Butylie iodide, 8&3. 
Tutyrone, 1&7. 


Cacodyl, 200, 
( ‘acod ylic neid, 205, 214. 
* chlonde, 20O. 
= oxide, 200. 
Ws trichloride, 214. 
Cafferne, 202. 
Caproyl, 11. 
vaprylenc, 18, 
Carbinol diethy)- propyl, 62, 
rr dimethy), Us 
‘ dimethyl-ethyl, 62. 
»  Gimethyl-isop ee 62, 
» dimethyl propyl, 62. 
methy]-butyl, by. 
methyl-diethyl, 62. 


INDEX. 


Carbinol methyl-ethy], 60. 
»  methyl-hexyl, 60. 
»  methyl-isopropyl, 60. 
a methyl-nonyl, 60. 
- methyl-propyl, 60. 
re triethyl, 62. 
trimethyl, 62. 
Carhuretted hydrogen, light, 3 
Caustic antimony bases, 211. 
- ursenic bases, 211. 
»  Mitrogen bases, 211. 
phosphorus bases, 211. 
Cerotene, 18. 
Cetene, 1S. 
Chloracetamide, 206. 
Chiordtl, 110. 
»  aleoholate, 110. 
‘3 hydrate, 110. 
Chloranil. 76. 
Chiloramline, 210. 
Chlorether, 22s, 
Chlorhydrate, ethylenic, 95, 
Chlorhydrin, 90, 104. 
Chloride, meth lic. 101, 
Chlorine, action of, on the radicals 
of the ethylene series, Pd. 
Chloro-compounds of benzol, 47. 
Chloroform, 100, 
Chloropropions he chloride, 142. 
Chrysamline, 19. 
Cinchonme, 2OT, 
Citrannde, 209. 
Citryl- -triphe ny 1-triamide, 200. 
Classification of orgame compounds, 
8, 
Codeine, 201, 
Collidine, 104. 


} Compound organic radicals, 4). 


‘5 aici radicals, hy- 
rides of, 37, 49. 
si oxamides, 3b. 
positive radicals, hy- 
drides of, 37. 
Compounds, organic, definition of, 
I; 


Condensed diadelphic type, 5 
Conine, 193, 


, Coftstatuents of organic compounds, 


I. 
Crotonylene, 21. 


| Cryptopine, 2U]. 


Cumol, 42. 
Cuprosovinylic ether, oJ 


INDEX. 


Cyamelide, 32. 
Cyanethine, 201. 
Cyame hydride, 49. 
Cyanides, double, 20. 
<5 easily decomposable, 30, 
a aingle, 20), 
Cyanmethine, 20], 
Cyanogen, 26, 27. 
mn chlorides of, 32. 
Cymol, 42. 


Definition of compound organic ra- 
dicals, 2. 

“ orgame compounds | 
Derivatives of glycol 72. 
Derivatives, substitution, of bonvol, 

40), 
Development of formule, 6, 7, 5 
Tiacetic glveol, 18. 
Diacetunide, 207, 
Diacetin, PS. 
Inadelplic type, 4,5. 
Dinlhalamides, 200, 
Diamides, 207. 


” constitution of, 207, 

ss formation of primary, 
2U, 

‘ primary, 20%, 

‘ secondary, 20s, 


” tertiary, 20s. 
Daamanes, 11, 140. 

” formation of PM, 
monacid salts of, 215. 
norinal aslts of, 2105. 


ss oxides of, 16, 
” primary. 1. 
“ secondary, Mo, 


“ tertiars, 10, 

Dibasie acids, 10%. 

. anhydrides of, 1™4. 

dy fumarie or acryloid 

series of, Ltt, 
Dibrombenzol, 4.5. 
Dibutylamine, 183, 
Dibuty raldine, 200, 
Dichloraniline, 210, 
Dichlorbenzol, 47. 
Dichlorhydrin, (6, 104. 
Dichlorinated = imethyhie chloride, 
1), 

Dichlorinated methylic ether, »7. 
Diethylamuine, 1435. 
Diethylammunic iodide, 193. 


= ws 
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Dicthylated acetone, 1&7, 

= ethylie ether, 228, 
Thethy lbenzol, 43. 
Diethylene trammome dichloride, 


YES 
i e 
a trinmmome monochlo 
ride, 2aeb. 
‘ trhiammonie tmehloride, 
OTS 


Tnethy] ovamnde, 200 
Thethy Iphosphonie Zinele 
a es 
Phethyt urea, 107, 
Dihydrse alcohols, TO, 7 
Drineths amine, 100 
Dimethylaniine, 14 
Dimethslated acetone, ES7, 
Dinneths tewmidine, EM, 
Dimethyleymidine, 1h, 
Dimethy loxmmide, 6, 
Diineths i pheayfammonie chloride, 
1604 
Diameths toluidine, 19, 
Diancthyltolylammome — chlonde, 
1oy4 
Damethyixshidine, 1, 
Dinitrobenzol, 49 
Paphenst-carbonyl-oaalyl a amide, 
any 
Ihphens loxamide, 36 
Diphery) rosaniline  [s8. 
Disshen hexachlomde, 210, 
Distheice oxy -hexnethide, 220. 
»  OVseheaneths late, 220, 
» OM-hevaneths late, 210, 
Double eyanides, 20. 
ee monndel place type 0 
Jyad positive radicals, 0, 16, 21, 24, 


rudide, 


9 wtion of chlo- 
rine on, )8, 

* halad ethers 
of, 102, 

ro reachions of 


ethylene ne- 
ritp of, } = 


Elaldehyde, 104). 
Eqnehiorhydrin, 96, 100. 
Erythrite, 43. 
Erythroghucin, 83. 
Ersthromannite, 83. 
ther, 8. 

» allylic, 89, 
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Ether amylic, 86. 

» benzylic, 89. 

»  butylic, 86. 

»  cuprosovinylic, 23. 

»  diethylated ethylic, 228. 

Gimethacetic, 128. 

»  Gisodacetic, 128. 

» ethylenic, OO, 

»  Othylic, 85, 87. 

is ethylic amylic, Rh. 

»  @thyhie butylic, 86. 

sg glycylic, 93. 

¥ methylic, Rh, 87. 

»  mothylic amylie, 85. 

» =: methylic ethylic, 8h, 

yo Monosodacetic, 121. 

»— phenylic, &9. 

»  phenylbenzyl, 90. 

»  stanntricthylic, 231. 

< sulphomethylic, 100. 

»  stphurie, 87. 

trimethacetic, 129. 
Rthers, 8 fy, 

» formation of, 86. 

» halond, 93. 

» haloid, of the dyad positive 
radicals, $4, 102. 

» haloid, of the monad positive 
radivals, 93, 96. 

»  haloid, of the triad positive 
radicals, 05, 1(4. 

» of ae dihydrie alcohols, 85, 


» Of the methyl series, &5. 

» of the monohydric alcohols, 
RH, 

» of the phenyl series, 84. 

» Of the trihydric alcohols, &5 
93. 

of the vinyl series, 89. 
Ethereal salts, 188. 

- salts, decomposition of, 190. 

i nalta, definition of, 188. 

* ay a dibydric alcohols, 

18 


, alta of dibasic acide, 189. 
‘< salts of dibasic acids, acid, 


1&0. 
- ser dibasicacids, normal, 
m aaltaof monobasic acids, 189. 
salts of monobydric alco- 
hols, 189. 


INDEX. 


Ethereal salts of tribasic acids, 189. 
a salts of tribasic acids, acid, 


189, 

” salts of tribasic acids, nor- 
mal, 189. 

» Salta of trihydric alcohols, 
189). 


1» Salts, production of, 188. 
Ethide, boric, 217. 
»  hypostannic, 230. 
»  lithiomercuric, 234. 
» _ lithiozineie, 234, 
»  Magnesic, 24. 
»  Mereuric 225. 
»  perplumbic, 231. 
»  potassic, 232. 
» _ potassio-zincic, 234. 
» —s 8Oiv-zincie, 234. 
» stannic, 225, 
“ atannous. 230. 
»  tellurium, 231. 
zincic, 225. 
aD ‘thobromide, mercuric, 220. 
Ethodimethide, stannic, 2:50, 
Ethodiniodide, hypostannic, 
Ethohydrate, mercuric, 250. 
Ethonitrate, mercuric, 2o4. 
Ethoxyl, 5 
Ethyl, 1, 12. 
Ethy) acctamide, 209. 
» acetone, 187. 
» acetyl, 187. 
»  butyral, 187. 
»  diacetamide, 209. 
»—- propiony], 187. 
urea, 196. 
Ethylamine, ga, 192. 
Ethylammonic chloride, 212. 
iodide, 99. 
Fthylamylamine, 198. 
Ethylated acetone, 187. 
Ethylene, 16, 20. 
» andethylidene ere is 
isomerism of, 19, 146. 
» compounds, 18. 
- diamine, ]97. 
Ethylene-diammonic dibromide, 196. 


250). 


Pe dichloride, 213. 
ts monochloride, 
213. 
oxide, 196. 


Ethylene diethyl diamine 197. 
‘i series, 16. 


INDEX. 


Ethylene series of radicals, action 
of chlorine on, 18. 
ss series of radicals, prepara- 
tion of, 16. 
Ethylenic bromide, 108. 
‘ chloride, 102. 
= chlorhydrate, 95, 102. 
‘9 cyanide, 104. 
3 dichloride, 9%. 
4 ether, 90. 
i iodide, 108. 


i iodhydrate, 102. 

si nitrile, 1d. 

“ oxide, (0). 

“ oxide, isomers of, 91. 


mI oxide, reactions of, {1 

Ethylic acetate, 18%. 

» borate, 214. 

»  ¢hlomde, 101. 

w  a@cyanpropionate, 166. 

»  # cyanpropionate, 160, 

> —s hethaceto-acetate, 186. 

»  daethovalate, 220 

» —- Gisodacetate, 18d. 

» — Gisoducetoacetate, 186. 

»  @thacetoacetate, 186, 

» ether, $4), 

»  ethylozincicdiethoxalate,220. 

» —s dodide, 101, 

» = sodacetoacctate, 186, 

» Succinate, T80. 

»  sulphhydrate, 49, 

» Sulphide, &. 

» — trisodacetate, 186. 
Ethylidenc and ethylene compounds, 

rsomeriam of, 19, 146 

“9 compounds, 1%. 

: cyanhydrate, 147. 

- dichloride, 109. 
Ethylochlorether, 228. 
Ethylo-zincic dinitroethylate, 229, 

‘i ethylic diethoxalate. 
2d. 
Ethyl-phenyl, 43. 
Ethyl-phenylamine, 195. 
Ethyl-phenylammonic todide, 103. 
Ethyl-xylol, 43. 


Fatty acids, normal, 115. 
» acids, secondary, 128 
» acids, tertiary, 12%. 
» series of acids, 114. 

Ferricyanide. potasaic, 31, 
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| Ferrocyanide potassic, 30. 





Fire-damp. 330. 
Formuly, development of, 6. 


‘i graphic, of organic com- 
pounda, 7, 
Formyl, 2h. 


Formy |-diphenyl diamine, (8. 
Fumarie or acryloid semes of acads, 
1th. 
" series of acids, 
in, 166, 
Furfurine, 200, 


iaOmMeriwm 


Gaultheria procumbens, oo) of, 6. 
Glucose, &4. 
Cilveerin, 77, 78. 
a relations of, 7), 80, 81. 
Glycol, acetobutyrie, 75, 
» amyhe, 70. 
»  bromethyhie, 72. 
»  bromhydnie, 72. 
»  butyhe, 70. 
»  chlorhydne, 72. 102, 
»  eyanhydric, 148. 
derivatives of, 72. 
»  daneetic, 71, TAO, 
» diethylene, 735. 
.  diethyhe, 72. 
» diwodie, TZ. 
» « @thyhic, 71. 
es hexethy lene, 733. 
»  hvdne ethyhe, 72. 
» lodhydne, 102 
0 oMOnBeCtIC, 72, 105, TRY. 
| Inonosedie, 72. 
«  pentethylenie, 75. 
»  propyhe, 70. 
» sulphur, 72. 
»  tetrethyleme, 75 
»  tmethyleme, 75 
Glyeallic acetobromide, 72. 
Giveols, 70. 
»  polyethylenie, 73. 
_ relations of succinic serice 
to, 161. 
Glscolsl, 25. 
Gilvoxal, 152. 
Glyoxyloid series of dibasic acids, 
1733. 
Graphic formulw of organic com- 
pounds, 7. 
Guanidine, 200. 
Guanine, 200. 
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Haloid compounds of oxybases, 190, 
aly 


» = Others, 93. 
» ethers of the dyad positive 
radicals, 94, 102. 
» Others of the monad positive 
radicals, 9}. 
» ethers of the triad positive 
radicals, 1, 104 
Heptylene, 18. 
Hexylene, 17. 
Hofmann's violet, 190, 
Homopyrocatechin, 74. 
Hydrazobenzid, 42. 
Nydride, amyhe, 30, 41. 


“i Duty hie, a0, 

- enpros hie, 30. 

‘s evatue, 49), 

‘s decatylic, 30. 

‘ dodecaty he, 39, 
- endecaty hie, 3). 


= ethylie, 38, 40. 
‘i heptylie. 30. 


. hesylie, 89, 
es meths he, 30, 
‘s nony he, +3), 
x oety lie, 39, 
- osatylic, 49. 
ba pentadecatvhic, 30. 
‘i pentylic. a9 
iy phenylic, 44. 
“ propylic, 30. 
‘i tetradecatylic, 39. 
. tetrs he, 30). 
23 tridecaty lic, 30. 
. tritylie, 3. 
Hydrides of compound negative ra- 
dicals, 37. 44). 
‘s of compound positive ra- 
cheals, 30. 
= of the radicals of the me- 
thy] series, 37. 
i of the radicals of the me- 
thy! series, preparation 
of, 38, 


» of the radicals of the phe- 
Ty] series, 42. 

Hydrochloric giveide, 96, 105. 
Hydrocotarnine, 201. 
Hydrogen, bicarburet of, 44. 
Hydrogquinone, 75. 
Hydrosulphate of ethyl. 59, 
Hypostannic ethide, 230. 


| 


INDEX. 


Hypostannic ethodiiodide, 230. 


Imides, 190, 210. 
» general formula of, 210. 
Tmidogen bases, 193. 
Introduction to organic chemistry, 
1 
Todide, phosphonic, 202. 
Todhydrie glycol, 102. 
Todhydrin, 93. 
Tododiethide, stannic, 230. 
Todotniethide, stannic, 230. 
Tsobutvlene, 17. 
Tsomerie forms of valeric acid, 
2k. 
Tsomerism in fumaric or acryloid 
series, 166, 
a in the lactic series, 145. 
” of ethyJene and ethyli- 
dene, 146, 168. 
Isopropylic aleohol, G1. 
4 iodide, 74. 
ij nitrile, 128, 


Ketones, 184. 
i formation of, 15, 
sa womerism of, 187. 
7 hat of, 187, 
Ketones of the C,H; 
18s. 


Reries, 


Lactic series of acids, relations of, to 
acetic series, 142. 
. = BeTies of acids, relations of, to 
acrylic series, 142. 
= Series of acids, relations of 
succinic series to, IGT, 
Tactide, 183. 
Lactoid series of dibasic acids, 172. 
Lactyl, 20, 
TLaudanosine, 201. 


Lead. 
Perplumbic chlorotriethide, 
231. 
es ethide, 231. 
- triethohydrate, 
231. 


Teucin. 100. 

Teukaniline, 199. 

Light carburetted bydrogen, 39. 
Lithiomercuric ethide, 234. 
Lithiozincie ethide, 23-4. 
Lutidine, 194. 
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cee 198. | Methyl series, tertiary radicale of, 
en hase ethide, 234. 10), ° 
¢ series of acids, 172 » type, 4. 
Malongl 35 25  Yaleral, 187, 
Mannite, RY. Methylamine, 102. 


Marsh-gus, 39. 

Marsh-gas series, hydrides of. 37, 
3 type, 4. 

Mauveine, 198. 

Meadow-sweet, oil of, 156. 

Melene, 18. 

Mendiue’s reaction, oo. 

Mereaptan, 04), 


Mercury. 
Mercurie amyhide, 226, 
ee ethnide, 225, 2H. 
Pe ethiodide, 22. 
Re ethobromide, 220. 
é etholivdrate, 230, 
a ethonttrate, 2358. 
3 1adetinde, 232 
“a methide, 229, 234. 
methiodide, 220, 254, 
a methohydrate, 280. 
- naphthide, 226. 
Organo- compounds, 220, 220, 
plas be 
Metaldehyde, 10. 
Methide, aluminie, 252. 
" bone, 216. 
ne mercurie, 24. 
_ potaasio-zincie, 254. 
a teHlurum 2 
zinere, LON, 2d. 


Methoxyl, 5, 
Methyl. J1. 
Methyl acetone, 17. 
yy benzol, Da, 
» benzos), [XR 
» series, hydrides of the radi- 
cals of, 37. 
» _- Beries of alcohols, 52. 
S aeries, normal alcohols of, 


52, sh iS. 

» series, secondary alcohols of, 
ov, 60). 

» Series, tertiary alcohols of, 


o2, 62. 

1. Ber ies, Normal radicals of, 14). 

» series, preparation of normal 
radicals of, 11. 

» series, secondary radicals of, 
10, 


Methylated avetone, 187. 
Methyleme chloride, 102, 

; todide, 10%, 
Methslethslamine, 13. 
Mothy lethy1- -phenslamine, 1M, 
Methyhe borate, D1, 


e chloride, &9, 

mA chloride, diehlorinated, 
1M), 

_ chloride, monochlorinated, 
100 

5 chlomde, trichlorinated, 
}(), 

" iodide, 102, 

~ nitrile, EEG. 


ove ( Methyhe ether), 87. 
Methylo- -zne dinitromethy inte, 
sey 
Methalphensd, 42, 
MethslphensJammonic chloride, 
It 
Methy] xylol, 40, 
Monacetie glycol, D8), 
Monacetin, PS. 
Monad postive radienta, 10 


positive radials, haloid 
ethers off O55, U6, 
VMoonadel phic type. 4.4, 
Monalkalaniudes, 200, 
Monanndes, 206 
, formation of primary, 
Ms 
‘ prmarsy, 206, 
ds reactions of prismary, 
2G. 
“a secondary, 207. 
‘3 tertiary, 207, 
Monaruines, 141, 
‘: formation of primary, 
104. 
Py formation of secondary. 
14935, 
is formation of tertiary, 
1405, 
‘ methsleeriesofprimary, 
191. 
‘s methyl series of secon- 


dary, 192, 
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Monamines, phenyl series of pri- 


mary, 191. 

. pheny] series of secon- 
dary, 192. 

g primary, 101. 

~ reactions of primary, 
192. 

. recognition of primary, 
199. 

e recognition of secon- 
dary, 1995. 

” recognition of tertiary, 
1). 

- secondary, 107, 192. 

‘ie tertiary, 191, 193 

” vinyl series of primary, 
It. 

- vinyl series of secon- 


dary, 192. 
Monobasic acids, anhydrides of, 182, 
183 
a organic acids, 113. 

Monobrombenzol, 45. 
Monobromorcin. 76. 
Monochlorbenzol, 47. 
Monochlorhydrin, 70. 
Monochlorinated meths lic chloride, 


100, 
‘s propylic glycol, 
7. 
Monohydric alcohols, 52, 63, 66. 
‘5 alcohols, secondary, 
(4). 
a alcohols, tertiary, 62, 
67. 
" alcohols, normal, of the 


pheny! series, (6. 
sf alcohols of the phenyl 
series, (16. 
7 aleohols of the vinyl 
serica, 633. 
Monomethylarsenic acid, 214, 233. 
Morphine, 201. 


Narceine, 201. 
Narcotine, 201. 
Natural alkaloids, 201. 
Negative compound radicals, hye 
drides of, 49. 
ni organic radicala, 9, 25. 
Nicholson's yellow, 199. 
Nicotine, O08. 
Nitraniline, 49. 


INDEX. 


, Nitrides, general formula of, 210. 


| 


- negative, 210. 
Nitrile, ethylenic, 104. 
» isopropylic, 128. 
» methvlic, 119. 
Nitriles, preparation of, 97. 
Nitrobenzol, 43, 47. 
Nitrocumol, 43. 
Nitrocymol, 43. 
Nitrogen, caustic bases of, 211. 
» compounds of triad, and 
its analogues, 190). 
- compounds of pentad, and 
its analogues, 2711. 
es organiccompoundsof, 190. 
Nitropentol, 4:3. 
Nitrotoluol, 43. 
Nitroxylol, 43. 
Nonylene, 18, 
Normal acids, 114. 
»  acidsoftheacrylic series, 130. 
» acids of the lactic series, 130. 
» fatty acids, 115. 
»  monohydrie alcohols of phe- 
nyl series, 66, 67. 
»  Olefine acids of the lactic 
series, 1:39), 
» radicals of methyl series, 11. 
» radicals of methyl series, 
preparation of, 11. 
» salts of amines, 213. 


Octylene, 18. 
(Enanthylene. 18. 
Onl of bitter almonds, 111. 
.. of Gaultheria procumbens, 56. 
Olefine type, 8. 
Oleic series of acids, 130. 
Orcein, 77. 
Orein, 76, 77. 
Organic antimonic acids, 215, 
» arsenic acids, 214. 
» arsenic chlorides, 214. 
» arsenic oxychlorides, 214. 
» —— Dasea, 101. 
» compounds, definition of, 1. 
»» compounds, classification of, 
8 


» compounds, elements con- 
tained in, 1, 2. 

» compounds, graphic for- 
mule of, 7, 8. 

»» compounds, notation of, 3. 


INDEX. 


Organic radicals, 3. 

” 

tion of, 2. 
radicals, negative, $) 

» radicals, positive, 4 
Organo-aluminic compounda, ye 
antimony Sika eat ae 
arsenic compounds, 
bismuth compounds, = 3 
boron compounds, 210 
boron compounds, definition 

of, 218 
cadnuum compounds, 232 
lead compounds 231 
magnesium compounds 232 
mercury Compounds 22M 


kd 


» potassrum compounds 227 
» stheon compounds 215, 
218 


CS Te Lend 


sodium compounds 227 
tellurnun compounds 25] 
tin compounds, 2°) 

zinc compounds, 227, 252 


wal, aut 


Aas | 


on? 


rv) 


a9 


Organometallic bodies 
bodies, constitution 
af 25] 


9 


: bodies, definition of, 


sey 


anew? 


oper 


227 
bodies, ty pes of, : 
Oxamide 36, 20s 
Oxamades, compound, 36 
Oxatyl, 26, 32 
Oxatyhic hydride, 49 
Oxyantimome bases, 2)2 
bases, salts of, 214 

Oxyarsenic bases, 211 

bases, salts of, 214 
Oxybases, 190, 204 
arsenious, 14 
halord compounds of, 144), 

210. 

Orxyphenol, 74. 


Papaverine, 201. 
Paraffin, 41. 
Paraldehyde, 100 
Paramylene. 18 
Parvoline, 194. 
Pentol, 42. 


pls 


os 


radicals, compound, defini- 


bodes, formation of, 


bodies, reactions of, 
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| Perchlorinated methyhe ether, 87 


a 
| 


Phenyl, 14 
Phenyl] series, ethers of, 89 
series, hydrides of the radh- 
cals of, 42 
series: Monohydric alcchols 
of, 66 
series, normal monohydric 
alcohols of, G6 
series, radicals of, 14 
SCTICR, tertiary aleohols of, 
OF Os 
Pantie 12 
Pheny lene dicthy he ketone 18s 
. series of radicals 24 
Pheny! formamide, $8, 154 
Phenshie cyanide, 08 
; hvdride 44. 
re sodide Of 
Phenyl rosamiine 148 
Phlorogliem 3s] 
Phlor } 67 
Phospline diethy! 208 
dimethy}, 203 
ethy), 20% 
. meth), 208 
s, triethyl, 204 
irinet hy, AM 
Phoaphines, IW), 202 
‘ primary 202 
waltx of, 214 
socondary, 22 
tertiars "203 
Phosphonie rodide, 202 
Phosphone tricthoxide, 204 


9 


{| Phosphorus, orgame compounds of 


— 


| 


14M) 

Phthals he chloride, 188 

Phycite, 83. 

Pieoline 194 

Picroerythrin, 76. 

Pimte, ®4 

Piperidine, 193 

Polyhydre alcohols, 83 

Positive see radicals, hydrides 
of 3 

dyad radicals, haloid ethers 
of, 94, 102 

monad radicals, halo:d ethers 
of, 0:5, 46 

organic radicals, 9). 

triad radwala, haloid ethers 
of, 95, 104. 


9 
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Potassium. 
Potassic cyanate, 21. 
»  ethide, 252. 
e ferricyanide, 31. 
” ferrocyanide, 30. 
_ succinate, 104. 
» — BUphoeyanate, 82. 
Potassiozincic ethide, 234. 
" methide, J4. 
Propione, 187, 
Propoxyl, 0. 
Propy], 11. 
Propylene, 17. 
Propylenie bromide, 108, 


‘ chloride, 108. 
" iodide, 1033. 
i oxide, OO. 


Propylie glycol, monochlormated, 
a. 
Propy hie iodide, O4. 
Protopme, 201, 
Prussian blue, 81. 
Peendobutylene, 17. 
Preudorein, 83, 
Pyridine, |v 
Pyrocatechin, 74. 
Pyrogallin, o1, 82. 
Pyroxy he spint, 06. 


Quercite, 84, 
Qhunine, 201, 
Quinone, 7. 


Radicals, acetylene series of, 21. 

» dyad positive, 16. 

ss dyad. relations of succinic 
ecries to, 161. 

» — haloid ethers of the dyad 
vositive, V4, 102, 

A salou ethers of the monad 
wwsitive, 43, 90. 

Y haloid ethers of the triad 
positive, >, 104, 

» hydrides of positive com- 
pound, 37, 

m monad positive, 10. 

és monad, relations of, to 
fatty acids, 114). 

‘. negative, hydrides of, 37, 

»  hormal, of the methyl se- 
ries, 11. 


INDEX. 


Radicals, normal, of the methyl se- 
ries, preparation of, 11. 
» Of the phenylene series, 24. 
$3 of the phenyl series, 14. 
» Of the phenyl series, hy- 
drides of, 42. 
ns of the vinyl] series, 13. 
- organic, 3. 
» secondary, of the methyl 
series, LQ. 
» tertiary, of the methyl se- 
ries, 10), 
7 triad positive, 25, 
Resorcin, 74. 
Rosaniline, 198, 


Salts, ethereal, 188 
Secondary monohsdrie aleohols, 60. 
- radicals of the methyl 
keries, 13. 
Silicic aceto-triethylate, 220, 
» avetylate, 220. 
» Chloroform, 2E8. 
»  ¢hlortriethide, 220. 
» ¢hlortrietlivlate, 220, 
» dichlorethide, 220. 
» «6 diechlorethylate 220. 
7 dieth-et hy late, 220. 
»  dhetho-chlorethyiate, 220, 
» chethovide, 220, 
» dimethy late ethylate, 220. 
» e@tinde, 221. 
»  ethotmeths late, 220. 
»  ethv late. 220. 
, hydrotricths late, 220. 
» methide, 219, 221, 
» Methslate, 220. 
. trichlorethide, 220. 
» trieth-ethylate, 220. 
» tmethohydrate, 222. 
.. triethvlate ams late, 220. 
Siheoformie anhydride, 218, 
Silicons lic acctate, 220. 


" alcohol, 220. 
- chloride, 220. 


Silicopropionic and, 222. 
Single cvanide-, 2V. 
Sodho-zincie ethide, 226, 234. 
Spint of wine, 07. 
Stearin, 7#. 
Stibine, triamyl, 204. 

» triethyl, 204. 

» trimethyl, 204. 


INDEX. 2ol1 


Stibines, 191), 202, 
‘i salts of, 214. 
Strychnine, 202. 
Strrol, 17, 
Substitution derivatives of benzol, 
do. 
Succinamide, JOS, 
Sucemic senes of acids, 154. 

series, relations of, to acetic 
series, 162. 

os series, relations of. to dyad 
radicals, 161. 

» ss Bes, relations of} to Tactic 
series and to glycols, 
16h. 

Succinimide, 207, 210. 

Suceinshe chloride, 187. 

Sulphophens] urea, 107, 

Sulphur aleohol ot. 

Sulphune diethoxide, 80 

Sulphurous diethovide, 

triethylo-rodide, S80 

rs triethylo-hydrate, a0). 


Tartaric or glyoxyloid series of neids, 
73. 
Tellurium ethide, 231, 


Tellurous diethoside, 2a1, 255. 
a dhetinodide, 23 1. wr 
e ap ol. 


Tertiary acids of the re series, 11-4, 
1024) 
diansimes, 19%. 
»  monohydric alechols, 
67. 


G2, 


in monainides, 207. 
“i monamines. 11, 100, 
mouarsines, 2EY. 


10. 
Tetrachlorinated methy he ether, 67 
Tetramines, [4]. 
Tetrethylammome hydrate, 211. 
Thebaine, 201, 
Theine, 20. 
Theobromme, 202. 
Tinaldine, 200. 
Tin. 
Distannic lene thoride, © ihe 
Hypostannic ethide, 2 
“ thie 2 230. 
Stannic chlorotriethide, 250 
»  dichlurethide, 226. 


radicals of the methyl] seres, 


‘ 


Tin. 
Stannic ethide, 22, 
»— Cthodimethide, 230. 
5 ethopheny! dichloride, 
pas 
“ dodiethide, 230, 
» lododimethide, 230, 
» Ilodotmethide, 2 a, 
‘i ee ha 
» =o nethnde, Babe 
«phenyl irethide, 2h. 
trethohydrate, 235. 
Shinde ethide, 230, 
Stanutriethyhe aleghol, 2401, 


is chlomde, 25), 

as ether Lol 

ee haloid ether, 
ph 


Tolutdine, 1a, 

a blue, 198, 
Toluol, dz 
Tolvl, V4. 
Tolylamine, 12. 
‘Priacetin, Psd. 
‘Triad postive radicals, 20, 

» positive radieals, halo ethers 
of, DOME 

Trindelplie type, 4.4 
Trialhalanncles, 200, 
Trianiades, 20%, 


és primary, constitution of, 
ts 

‘i secondary and terbary, 
UK), 

Triamaines, 1s 

- dhacid salts of, 203, 

s monacid salte of, YEG 

- normal salte of, 215, 


Trinmslamine, 104. 
‘Tmbasice seide 177. 
» aes, AcOnTCG or aeryloid 
series of, 177. 
- acids. citric or lactuid series 
of. 17s 
» aeids, tricarballylie or nee. 
tod series of, 177, 
Tnbrombenzol, 445. 
Ttbrombenzol hivdrobromate, 16, 
Tribromopyrogaflin, 43. 
‘Tribromorein, 76. 
Tributylamine, 104. 
Trichloraldehyde, | 
Tricbloraniline, ‘ 


110. 
210. 


252 


Trichlorbenzol, 47. 
Trichlorhydrin, 96, 105. 


Trichlorinated &c. amines, 190, 209. 


i methylic chloride, 


Trichlororcin, 76. 
Triethylamine, {{. 
Triethylanimonic iodide, 193. 
Triethy! arsine, 204. 
» phosphine, 203. 
» phosphonic iodide, 208. 
a rosaniline, 194, 
a silico], 220. 
” stibine, 2O-4. 
Trihydric aleohols, 51, 77. 
- ethers of, 93. 
Triiodorcin, 76. 
Trimethylamine, 194. 
Triphenyl! rosaniline, 198. 
Tritoly! rosaniline, 108. 
Turnbull's blue, 32. 
Typo, ammonia, 4, >. 
Le ammonic chloride, 4, 5. 
» condensed diadelphie, 5. 
» iadelphie, 4. 
»» double monadel phic, 5. 
» Mmarsh-gas, 4. 
» mothyl, 4. 
» monadelphic, 4, 5. 
»  Olefine, 5. 


END OF VOL. I. 


INDEX. 


Type, triadelphic, 4, 5. 
Types of organic compounds, 4. 


Urea, 196. 


hi 


9 


o? 


derivatives of, 197. 
formation of, 196. 
reaction of, 147. 


Urea a diamine, 197. 


Valerylene, 21. 
Vinylhe bromide, 103. 
Vinyl series, ethers of the, 89. 


” 


9 


series, monohydric aleohols of 
the, 6:3, 
series, radicals of the, 13. 


Xylol, 42. 


Zincic amide, 29. 


| 
| 
| 
ae 
| 7] 
|» 
| ‘‘ 
| 9 
— 


b Bd 


aims lide, 23+. 
dinitro-ethylate, 228. 
ethide, 225, 234. 
ethiodide, 227. 
ethocthylate, 227, 
ethylate, 224. 
methide, 244. 
methide ethylate, 229, 
methyldithionate, 22s. 
propionate, 228. 
succinate, 224. 


Printed by TaYLok and Francis, Red Lion Court, Fleet Street. 


BOOKS ON CHEMISTRY, 
PUBLISHED BY MR. VAN VOORST. 


THE ELEMENTS OF HEAT AND OF NON-METALLIC 
CHEMISTRY. Especially designed for Candidates for the Matrieu- 
lation Pass Manmination of the University of London, By Prenrrick 
GuTmrik, B.A. (Lond.), PhD. RS EY ECCS. Late Professor of 
Chemistry and Physies, Royal College, Mauritius, Post 8vo, 7a. 


HANDBOOK OF CILEMICAL MANIPULATION, — By C. 
GREVILLE Win.ivMs.  Vully Tlustrated. Post &vo, 15s. 


INTRODUCTION TO GENERAL, MEDICAL, AND PIHAR- 
MACEUTICAL CHEMISTRY. By Jounx Artery, PhD PGS., 
Professor of Practical Chemistry to the Pharmaceutical Society of 
(ireat Britain. Post 8\0, 12s, Gd. 


LECTURE NOTES FOR CHEMICAL STUDENTS, By KE, 
FRANKLAND, F.LRS., Professor of Chemistry in the Royal School of 
Mines. Post dv0. Vol. 1. Inorganic, 4s. Vol. LL. Organic. 


MANUAL OF QUALITATIVE CHEMICAL ANALYSIS, By 
A.B. Nontucom, FACS, and Anmiurn HH. Counc, PCS. Post 
&vo, 10s. (id, 


THE LABORATORY GUIDE FOR STUDENTS INO AGRI- 
CULTURAL CHEMISTRY. Dy AHL Cintnen, MAA, Professor of 
Chemistry, Royal Agricultural College, Cirencester, — Post vo. 
Second edition, 5s. 6d. 


A MANUAL OF INORGANIC CIDEMISTIHY, arranged to faci- 
litate the Experimental Demonstration of the Facts and Principles of 
the Science. By Coanins W. Extot, Professor of Analytical Che- 
mistry and Metallurzy, and Frank H. Storer, Professor of General 
and Industrial Chemistry, in the Massachusetts Inatitute of Techno- 
logy. First English Edition. Poot &vo, 10s. Gd. 


THE MECHANICAL THEORY OF HEAT, with its applications 
to the Steam-engine and to the Physical Properties of Bodies. By 
R. Cuausivs, Professor of Physics in the University of Zurich. 
Edited by T. Arcurr Tlrrst, F.R.S., Professor of Mathematics in 
University College, London. &vo, 15s. 


THE JOURNAL OF THE CHEMICAL SOCIETY. Annual 
Subscription, £1 1a. 


wore ae ee ee eeeps  epe  e 


Other Books for Students. 
KLEMENTARY COURSE OF GEOLOGY, MINERALOGY,, 


AND PHYSICAL GEOGRAPHY. By Professor AxstEn, M.A, 
&e. Post &vo. Second Edition, 12s, 


MANUAL OF TILE MINERALOGY OF GREAT BRITAIN 
AND IRELAND. By Ropert Puiirs Gre, F.G.S., and WM. 
G. LEtTtsom. &vo, with numerous Woodcuts. — 153. 


ELEMENTARY COURSE OF BOTANY + Structural, Physio- 
logical, and Systematic. By Professor Henrrery. Post vo, 128. Od. 
Second Edition, edited by Maxwe.u T. Masrers, FLICLS, 


MANUAL OF BRITISH BOTANY. By Professor C. C. Ba- 
BINGTON, M..A.. &e. Sixth Edition, 10s. 6d. 


GENERAL OUTLINE OF THE ORGANIZATION OF THE 
ANIMAL KINGDOM. By Professor T. RyMkEr JONES. — 8yvo. 
Fourth Edition, £1 11s. Gd, 


AN ELEMENTARY TEXT-BOOK OF THE MICROSCOPE : 
including a Description of the Methods of Preparing and Mounting 
Objects, Ke. By JW. Grirriri, M.D, PLAS., &e. Post &vo, 7s. 6d. 

THE FIRST PRINCIPLES OF NATURAL PHILOSOPHY. 
By Winuiam Thynye Lynn, B.A. Lond., A.K.C., F.R.AS., of the 
Royal Observatory, Greenwich. Feap. &vo, 3s. 


«A amall and well-wrought book. A person having three books of Euclid, and the 
commonest algebra, and who wants some inmght into the way of applying mathematics 
to physica, will find here just what he wants."— Athencum, Nov. 14, 1863. 


JOHN VAN VOORST, 1 PATERNOSTER ROW. 


